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'!be effectiveness of auditory frontalis EMG feedback as a neans of 

teaching general relaxation to spastic and athetoid cerebral palsy indivLd­

uals was investigated in a pilot study. It was hypothesized that an in­

crease in voluntary ability to reduce levels of nuscle activity 'WOUld trans­

late into i.rrproved functional skills and act as an effective coping response 

in dealing with stress and anxiety. 

Two subjects - one athetoid (female; 16 years old) and the other 

spastic (male; 19 years old were studied in depth, each through the use of 

an A-B-A single-subject design, where the B phase consisted of ten 15-minute 

sessions of auditory feedback of the frontalis nuscle. Generalization of 

relaxation was assessed by m::>ni toring forearm flexor and extensor muscle 

activity, };eripheral skin temperature, and respiration rate. A 'Iektronix 

4051 desktop oomputer was utilized to facilitate data management. In addi­

tion to the };ilysiological neasures, functional evaluations were oorxlucted 

prior to and after training and a questionnaire was answered by the sub­

ject's relatives. Although there was ro clear tendency for either subject 

to reduce absolute levels of EMG, one subject derlonstrated a striking t'OOuc­

tion in variability of muscle activity across sessions. Functional assess­

ments for these subjects indicated mild to noderate i.rrprovements. 



TABLE OF <XNl'ENTS 

CHAPl'ER I IN'!'IDOOcriOO 

1. o Backgroum 

1.1 Aim of study 

CHAPIER II MEI'HODS AND MATERIALS 

2.0 Introduction 

2.1 Subjects 

2.2 ExperUnental facility 

2.3 Protocol 

2.3.1 Experimental design 

2.3.2 Pre- and post-biofeedback evaluations 

2.3.3 Adaptation session 

2.3.4 Experimental set-up 

2.4 Signal ~ocessing 

2.5 Statistical management of data 

CHAP1'ER III RESULTS 

3.0 Introduction 

3.1 Case study 1: Subject B.S. 

3.1.1 General description 

3.1.2 Effects of biofeedback training on 

physiological parameters 

3.1.2.1 Surface EMG 

3.1.2.2 Peripheral skin temperature 

3.1.2.3 Respiration rate 

v 

Page 

1 

5 

6 

7 

7 

10 

11 

12 

12 

14 

15 

18 

19 

19 

25 

28 

3.1.3 Oorrelations between physiological parameters 28 



vi 

Page 

3.1.4 Evaluations 

3 .1. 4 .la Speech: Pre-biofeedback 

3.1.4.lb Speech: Post-biofeedback 

3.1.4.2a Hand function and psychological 

neasures: Pre-biofeedback 

3.1.4.2b Hand functions and psychological 

measures: Post-biofeedback 

3 .1. 4. 3a Gait: Pre-biofeedback 

3.1.4.3b Gait: Post-biofeedback 

3.1.4.4 Questionnaire 

3.2 case study 2: Subject T.D. 

3.2.1 General description 

3.3.2 Effects of biofeedback training on 

physiological parameters 

3.2.2.1 Surface EMG 

3.2.2.2 Peripheral skin temperature 

31 

33 

33 

33 

35 

35 

36 

38 

38 

44 

3.2.2.3 Respiration rate 44 

3.2.3 Correlations between physiological parameters 44 

3.2.4 Evaluations 

3.2.4.la Typing: Pre-biofeedback 

3. 2. 4 .lb Typing: Post-biofeedback 

3.2.4.2a Range of motion of both shoulders: 

Pre-biofeedback 

3. 2. 4. 2b Range of motion of both shoulders: 

Post-biofeedback 

48 

48 

48 

50 



3.2.4.3 Questionnaire 

CHAPl'ER IV DISOESIOO 

4.0 Introduction 

4.1 Single-subject design 

4. 2 Frontal is EMG feedback am generalization theory56 

4.3 Effects of frontalis EMG biofeedback on all surface 

EM; measures 

4.4 Effects of frontalis EMG biofeedback on peripheral 

vii 

Page 

so 

53 

54 

58 

skin temperature 61 

4.5 Effects of frontalis EMG biofeedback on respiration 

rate 63 

4.6 Assessments and questionnaire 63 

CHAPl'ER v 

REFERENCES 

OONCLUSIOOS 

5.0 Summary of findings 

5.1 Future considerations 

APPENDIX Al CDNSENI' FO!f1 

APPENDIX A2 QUESTIOONAIRE FORM 

APPENDIX A3 DA'm ACQJISTICN SOFIWARE 

APPENDIX A4 DATA MANAC»1ENT OOF'IWARE 

APPENDIX AS EM; PKlCESSI~ 

67 

70 

73 

75 

77 

85 

94 

102 



Figure 

Subject B.S: 

LIST OF ILLUsTRATIOOS 

3.1 Typical graph illustrating IEMG 

3. 2 Average IEM; means across sessions 

3.3 Average IEMG standard deviations across sessions 

viii 

Page 

20 

21 

22 

3. 4a Average change in IEM; means across sessions 24 

3.4b Average change in IEMG standard deviations across sessions 24 

3.5 Typical graph illustrating fingertip temperature 26 

3.6 Average temperature means across sessions 27 

3.7 Average respiration rate across sessions 27 

3.8 Summary of questionnaire 37 

Subject T.D: 

3.9 Average IEMG means across sessions 39 

3.10 Average IEMG standard deviations across sessions 

3.11 IEMG data: Session 3 (phase A1) 

3.12 IEMG data: Session 9 (phase B) 

3.13 Average temperature means across sessions 

3.14 Average respiration rate across sessions 

3.15 Summary of questionnaire 

40 

42 

43 

45 

45 

52 



ix 

LIST OF TABLES 

Table Page 

Subject B.s.: 

3.1 Correlations between thysiological .r;:ararneters (minutes 1-10) 29 

3.2 Correlations between physiological .r;:arameters (minutes 16-25) 30 

3.3 Summary of hand function/psychological measures 34 

Subject T.D.: 

3.4 Correlations between thysiological .r;:arameters (minutes 1-10) 46 

3.5 Correlations between physiological .r;:arameters (minutes 16-25) 47 

3.6 Summary of typing assessment 49 



OlAPI'ER I 

INI'OODUCI'ION 

1. 0 Background 

Cerebral talsy is a reurologically-based disorder with primary in­

volvement in the area of notor dysfunction, but \\bich can also be manifested 

in perceptual and intellectual deficits. It arises ~ brain damage at or 

near the time of birth through a variety of causes: pre-natally, for example 

due to German Maasles; natally, for example due to arx>xia during the birth 

process; and p:>st-natally, for example due to traumatic head injury. 'lhe 

brain damage can result ~ a lack of oxygen, traumatic tissue damage or an 

improper balance of chemical rutrients to the brain, \\bich is cping through 

a rapid and crucial stage of developnent at this time. sane people may be 

only mildly affected, s::> that the ooooition is barely ooticeable, \\bile 

others may be s::> severely affected that they cannot };ilysically do anything 

for themselves - even though they may be very intelligent. 'lhe degree of 

involvement varies depeooing upon the extent of mderlying organic damage 
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and in order to express a particular type of involvement of cerebral palsy, 

descriptive categories have been devised with such names as spastic, 

athetoid, and ataxic. 'lhese names, b:>wever, only provide a gross 

description and say little about an individual's abilities or disabilities. 

'lbe traditional treatment of cerebral palsy involves a m.lltidis­

ciplinary approach which includes physiotherapy, occupational therapy, 

speech therapy, and surgical management aimed at oorrecting orthopaedic de­

fonni ties arising fran an imbalance of an individual's muscle activity (roth 

hypotonicity and hypertonicity). Other treatments less radical than surgery 

have also been employed to bring relief fran hypertonic or spastic muscles. 

Phannacotherapy with nedications such as diazepam (Valium) and dantrolene 

sodium (Dantrium) are regularly prescribed, as muscle relaxants. Unfortun­

ately, problems develop with the use of Jredication. Although effective in 

the suppression of hypertonicity, medication can interfere with p.1rposeful 

movement and may have negative side effects, for example sedation, drowsi­

ness, bizzare behaviour, and loss of head control (landau, 1974). Devel~ 

ing a tolerance to nedication 0\7er time also p:>ses difficulties for the 

cerebral palsy individual. 

Surgical intervention is also oot without its drawbacks. Relief 

may be only terrq;>orary, and negative side effects to the health of the 

patient may follow an cperation, including psychological trauma. As well, 

the patient must spend time in acute care at a b:>spital at a high financial 

cost. 

A basic principle of all interventions with cerebral palsy, 

regardless of the specific nethod used is the l,ilysical reeducation of the 

body's notor apparatus in order to facilitate nore adequate functioniBJ. In 
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this respect relaxation of muscle tone is a frequent <pal in the habilitat­

ion of the individual with cerebral pilsy. AccOrding to Pohl (1950) "the 

first E!Meavour in treatment is to reduce excessive tension arXi/or invollDl­

tary activity of the muscle" (pg. 27). 

A number of approaches to reduce hypertonicity have been devel~ 

ed in the field of physiotherapy arXJ these include "facilitation" techniques 

such as proper p:>sitioning, seating, vibration, massage, arXJ guided or J;BS­

sive novement. All of these techniques have as a theoretical platform, the 

assumption that normalization of muscle tone will allow the individual with 

cerebral palsy to achieve more normal and functional motor J;Btterns. Unfor­

tunately these rrethods, in crldition to surgery arXJ rredication, are all ap­

plied to a J;Btient who is only a };Bssive recipient of treatment which acts 

unconsciously. Spasticity is not ooly under lDlconscious rontrol b.lt also 

under rortical or ronscious rontrol and the above-rrentioned techniques oo 

not always crldress this dual rontrol. 

Both Ibbath (1971) and Rood (1956) physical therapy systems crlvo­

cate and incorporate normalization of tone as part of their approach. It is 

i.np:>rtant to recognize, rowever, that there is a };Bucity of hard scientific 

evidence which provide support for the use of any of the rrethods rrentioned. 

An approach to reduce levels of muscle hyperactivity, with scien­

tific support, is the progressive relaxation technique developed by Etlmum 

Jacobson in the 1930's. 'Ibis rrethod, which involves the sequential tensing 

and relaxing of specific muscle groups throughout the t:ody, has an impres­

sive data base regarding its effects with a non-neurologically disabled p:>~ 

ulation. It has been suggested that progressive relaxation be cg>lied with 

cerebral J;Blsy subjects. B:Jwever, only ooe such study has appeared in the 
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literature. ortega (1978) perfonned tbis study using tbe Minnesota Rate of 

Manipulation Test (MRMT) as tbe primary dependent neasure. 'Ibis test neas­

ures hand function tbrough tbe timing of placing round disks into cg;>ropri­

ate lx>les. Four adult (age range: 29-49) subjects with cerebral p:llsy, en­

ployed in a sheltered \110rkshop, practiced progressive relaxation e~~ery day 

during experimental periods tbat were different for each subject (12,15,20, 

and 25 days). An 0\7erall improvement of 24% (range: 11% - 40%) for all sub­

jects was demonstrated ~ MRMT scores. Interestingly, subjective claims of 

inprovements in other areas were also reported. A tbree-week follow-up did, 

however, indicate a slight deterioration. 

It rcust be roted tbat caution should be exercised \\hen drawing 

conclusions from tbis and other relaxation studies in cerebral p:llsy for a 

number of reasons: (1) there needs to be a rontrol for sitting quietly; (2) 

the possibility exists for a higher task motivation during tbe experiment; 

(3) the ecological validity of dependent neasures is questionable; (4) there 

is rot enough data regarding carryover effects; and (5) there is a ~ to 

know more about nechanisrns of change. 

A p:lrallel approach to progressive relaxation has e~~olved through 

the utilization of electromyographic (EMG) biofeedback because rot all per­

sons with cerebral palsy can practice progressive relaxation exercises due 

to tbeir degree of involvement. As well, feedback of rcuscle a::tivity has 

been shown to ameliorate tbe effects of relaxation. A serendipitous disC0\7-

ery was made ~ Finley (1976) who was trying to teach a subject with cere­

bral palsy sensori.Irotor EEG rhythm but cx:>uld rot get a::curate recording of 

brain-wave activity due to extremely high levels of ~talis EMG. He then 

trained tbe subject to ~uce frontalis EMG witb ro therapeutic intent but 
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fourrl that the subject showed numerous renefits such as functional improve­

ments. 'lWo subsequent studies by Finley (discussed in :nore detail in dlap­

ter IV) using frontalis EMG feedback resulted in both learned rerluction of 

frontalis EMG levels and mild to moderate gains in a wide range of function­

al abilities in subjects with cerebral palsy. 

1.1 Aim of study 

'lhe aim of this research study was to replicate and ex:teoo Fin­

ley's findings on a pilot study level. 'lhat is, to teach Wividuals with 

cerebral ralsy to relax using frontalis EMG feedback as an aid to general 

relaxation and to assess the effectiveness through objective measurements of 

physiological and functional clinical measures. It was decided to proceed 

on a pilot study level in oroer to identify problems with such an approach 

and to become :nore familiar with the technique s::> that it could be applied 

to a larger group of subjects after refinement. In an attempt bo retain 

maximum control CNer the experimental variables and to clearly identify the 

benefits of EMG feedback, only auditory frontalis EMG feedback was used for 

training. 
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CHAPrER II 

ME'IHODS AND MATERIALS 

2.0 Introduction 

A pilot study incorporating a single-subject ~B-A design was em­

ployed to determine whether auditory frontalis EMG biofeedback relaxation 

training in a cerebral palsy individual reduces general bodily arousal lev­

els. It was ooped that this ~uld lead to an improvement in functional not­

or skills and provide a coping response with which an individual with cere­

bral palsy could effectively deal with stress and anxiety. 

EMG fran three nuscle sites, frontalis, right forearm extensors, 

and right forearm flexors, as well as peripheral surface temperature of the 

right index finger and respiration rate were monitored to ~ide an objec­

tive measure of the physiological aspects of relaxation. 

Following a typical biofeedback paradigm, auditory feedback of 

frontalis activity was provided in phase B to assist relaxation. '!he other 
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parameters nerely served as d:>servationcil Wices. '1b preclude any oonfoun­

ding variables the experimental setting t:enained oonstant, m specific re­

laxation instructions were given, and m additional therapies or medication 

changes were allowed. 

'!his chapter serves to describe the experimental design and protcr 

col in addition to experllnental facilities and data management. 

2.1 Subjects 

'lWo young adults with cerebral palsy, one female (B.S.), aged 16, 

and the other, male ( T. D. ) , aged 19, were selected for this study. B.s. was 

a rroderately involved athetoid quadriplegic, anbulatory and verbal but with 

coordination and speech deficiencies. 01 the other harxl T.D. was a severely 

involved spastic quadriplegic, ron-verbal, and ron-ambulatory. He was, h:>w­

ever, independently JOObile with a manual ~eelchair. M:>re CXJl\Prehensive 

descriptions are ~vided in sections 3.1.1 and 3.2.1. 

Both subjects were given an explanation of the nature of the study 

including the fact that m beneficial or therapeutic effects were ~ised 

as a result of their participation. Informed oonsent (see At:Pendix A-1) was 

obtained prior to beginning the study ~ich had been approved by the Re­

search Review Oammittee of the Ontario Crippled Children's Oentre, 'lbronto. 

2.2 Experinental facility 

All sessions were conducted in a 4x5 metre partitioned area of the 

Biofeedback Research Project's work area. Efforts were made to provide a 

stable environment conducive to relaxation by attenuating the brightness of 

the lights, and by eliminating telephone calls and/or other interruptions. 
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In order oot to interfere with the subject, all nonitoring 9:IlJipment \ollaS 

kept away ~ the subject's view behind a partition and cables ~ the EMG 

and ~rature sensors led to their respective nonitors. A canfortable, 

reclining easy chair was available but cnly B.s. was able to make use of it 

as T. D. was ronfined to a wheelchair. 

EMG signals from the three nuscle sites -were processed through 

three feedback myograph units MJdel 1700, Autogen System Incorporated, Ber­

keley, California. Built-in meters on each device indicated instantaneous 

muscle activity and the integrated, bandpass filtered EMG output was record­

ed and further processed through a Tektronix 4051 desktop cx:rnputer. 

One unit nonitoring frontalis activity provided feedback in the 

form of a oontinuous clicking ooise that varied in rate logarithmically to 

the EMG signal. This feedback was presented ex>ntinuously in an analog form, 

during the intervention period of :t;hase B. A fast rate of clicks represent­

ed a tight nuscle and oonversely the rate of clicks slowed down as the mus­

cle relaxed. 

Beckman miniature bipolar surface electrodes were arranged in sets 

of three (two active and cne reference electrode) (see Appendix A-5) over the 

three appropriate muscle sites in ~er to pick up the EMG activity. Spac­

ing and location remained oonstant between sessions s:> that signal differ­

ences due to placement were minimized. 

A single Yellow Springs Precision Thermistor attached to the right 

index finger sensed peripheral skin temperature. This thermistor was used 

in ronjunction with a Model 2000b thermometer, Autogen System Incorporated, 

Berkeley, california, which in turn fed into the Tektronix 4051 which recor­

ded and further processed the ~rature signal. The thermometer had a 
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capability of :resolving absolute and derivative temperatures to 0.025°F 

(0.045°C). Derivative temperature :refers to the rate of change of tempera­

ture which the Autogen 2000b thermometer is capable of determining. 

Another Autogen 2000b thermometer was enployed in 110ni toring :res­

piration rate in oonjunction with a thermistor taped below the subject's 

nostril and with an OCCC Time Event Counter (TEC). As the person exhaled, 

the thermometer \t.Ould sense a fX)Sitive change in temperature am produce a 

constant :tX>Si ti ve DC signal that the TEC oould detect. '!he TEC was thus 

able to oount the rn.unber of exhalations. When the person inhaled, the ther­

naneter :registered a negative change in temperature as cool air entered the 

nose. '!he TEC then waited mtil it oould detect the next increase in temper­

ature that occurred with the following exhalation at \\hich p:>int it incre­

mented again. Il.le to an inability to interface the TEC with the Tektronix 

4051, data oollection was manually performed. 

Signals fran the three ~eyographs and single thermometer passed 

through an AMS GPIB analog-to-digital (A/D) oonvertor prior to manipulation 

by the Tektronix 4051 and storage on magnetic tape. '!he use of a desktop 

canputer simplified data oollection am management am increased the rich­

ness of information obtained by being able to sample the signals much faster 

and 110re d:>jectively than oould be achieved manually. SOftware was written 

in BASIC (see Appendix A-3) and included routines to graph the data fran 

each of the four channels imnediately after the oonclusion of a session. 

Statistical programnes were also written to haOOle the management of proces­

sed data. 
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2.3 Protocol 

2.3.1 Experimental design 

A single-subject ABA design was selected for study incorporatiD3 

the foll<YWing Fbases: pre-biofeedback evaluation; one crlaptation session; 

three baseline recordings of Fbysiological Wices (Al) ; ten frontal EMG 

biofeedback sessions (B); three baseline sessions (A2); am p:>st-biofeed­

back reevaluation. D.lring the baseline recordiD3S of Fbase A1, the sub­

jects were asked to try to relax oo their own for a 15-minute :teriod follow­

ing 10 minutes of remaining still. Auditory feedback in the form of clicks 

was provided oontinuously for a 15-minute intervention :teriod in Fbase B of 

the study. Again this was preceded by a lQ-minute :teriod of remaining still 

that oonstituted a baseline for that particular session. Phase A2 in­

cluded equivalent sessions to A1 except there was oo need for an crlapta­

tion session. 

In all sessions oo specific instructions oo relaxation strategies 

(such as progressive relaxation or autogenic suggestions) were given. Prior 

to the 10-minute baseline :teriod of each session, the subject was asked to 

remain as still as was p:>ssible and oot be ooncemed with any uncontrollable 

movements. '!be simple and brief instructions for the 15-minute intervention 

period were to attempt relaxation and to use the clicks in Fbase B as an in­

dicator of tension that should be reduced. 

At the oonclusion of each session, the data oollected by the desk­

top CXInpUter was stored on magnetic tape and displayed in the form of graphs 

so that the experimenter could visually interpret the subject's performance 

that day. 
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2.3.2 Pre- am post-biofeedback evaluations 

Clinical evaluations were undertaken imnediately prior to aoo fol­

lowing the baseline recording sessions in Ibases A1 am A2· It was nec­

essary, however, to cdninister Wividualized assessments due to the differ­

ent manifestations associated with cerebral palsy that B.S. aoo T.D. exhib­

ited. 

Speech was identified as ooe target behaviour that B.S. wished to 

improve. 'lherefore, speech (oral muscular function) was evaluated. 'Ibis 

evaluation included Ibysiological examinations of the oral nechanism, diado­

chokinetic testing (sustaining vowel soums) , time to cx:mplete cne state­

ment, 'WOrd and tflrase re:petition neasurements, aoo an articulation test. 

Since B.S was ambulatory and had hand function, gait, hand function, aoo 

psychological neasures were also assessed. '!he Minnesota Rate of Manipula­

tion (1969) test was applied to evaluate hand function in oonjmction with a 

finger tawing test. Digit span, picture a:mpletion, picture arrangement, 

block design, object assembly, coding, fluency, sentence nerory, category, 

and trail making ~vided psychological measurements of B.S.'s performance. 

Assessments of T. D. were oot as encanpassing as with B.S. because 

of his severe Ibysical disability. Since T.D. had expressed a desire to 

increase his ability to nove roth his arms his range of rotion (101) of roth 

anns was assessed. A functional skill, typing with a read stick, was also 

identified as a target behaviour re wished ing;>roved. 'lherefore, to satisfy 

T.D's criteria for improvement this was cdopted as a clinical de:pendent 

measure and a typing exercise was cdninistered. 'Ibis exercise consisted of 

t'WO controlled 10-minute trials of typing as nuch of a paragraph as p::>ssible 

fran a typing manual. A different paragraph was used in each trial, but the 
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same paragraphs were used in both pr~ and p::>st-biofeedback evaluations. 

In crldition to the assessments described above both subjects had a 

family member cxrnplete a questionnaire (see .AR_)endix A-2) and rate the sub­

ject in the areas of physical dlaracteristics, functional CK::tivities, and 

psychosocial factors. 'lhe rating oonsisted of a ocrnparison of his/her be­

haviours, abilities, and/or qualities since relaxation training began, with 

the period prior to training an an eleven point scale. 

2.3.3 Adaptation session 

Prior to the initial baseline recording session of phase A1 

both subjects were given an c:rlaptation session in order to crljust to the new 

situation. 'lhey were mt asked specifically to relax but to simply play 

with the feedback to get a feel for b:>w they were ct>le to oontrol the rate 

of clicks. 

2.3.4 Experimental set-up 

At the start of each session the subject was seated in the parti­

tioned area of the rocm. B.s. sat cx:rnfortably in the reclining dlair \tthile 

T.D. remained in his \ttheelchair througb:>ut the session because of his depen­

dence upon the Wheelchair. 'lhe areas of skin over the three muscle sites: 

frontalis; right forearm extensors; and right forearm flexors, were thor­

oughly but gently rubbed with an alcohol swab. 'lhis swabbing preceded the 

attachment of electrodes and served to renove the dead epidermal layer of 

skin as well as surface body oils in order to achieve good electrode oontact 

with signal-to-sensor oontinui ty. '!he hair oo T. o. 1 s forearm extensor elec­

trode site was also shaven to ensure a clean signal. 
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'lb facilitate the oontact between the electrode arrl the skin, a 

cooouctive gel was used to fill the depression or cup of the electrode. 

Each of the three electrode assemblies oonsisted of two active arrl ooe :re­

ference electrodes arrl these were attached to the skin with crlhesive elec­

trode collars. 'lhe reference electrode was placed centrally between the 

other 'bNo sensors with a constant centre-to-centre spacing of 1.5 on. care 

was taken to ensure that the same locations were used during each session. 

A temperature thermistor was snugly attached by means of Micrq:ore 

tape to the dorsal side of the distal };tlalange (fingerprint area) of the 

right index finger. It was necessary to be careful oot to have the tape s:> 

snug as to affect circulation in the fingertip. A secooo thermistor was 

taped directly below one of the oostrils in oroer to nonitor respiration 

rate. 

Shielded cables linked the electrodes arrl thermistors to their 

respective nonitoring tmits arrl after securing the sensors the quality of 

each attachment was checked. For the electrodes this meant t:erforming an 

impedance rating of each active electrode utilizing the built-in impedance 

check IOOde of the Autogen 1700 myographs. Any electrode with an impedance 

greater than 70,000 ohms was checked arrl if need be reroved, the skin pre­

pared again, and the electrode reapplied or replaced. 'lhe temperature non­

itored by the finger thermistor was briefly examined to see that it was 

reasonable and respiration rate was checked by cbserving that the Autogen 

2000b arrl TEC respc::>rrled to changes in temperature as the subject inhaled arrl 

exhaled. 

Canputer data acquisition began once assured of proper sensor c:xxr­

nections. Counting of breaths on the TEC also began at the same time. At 
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the end of each minute, average integrated EM; ( IEMG) values ( in microvolts) 

and the average fingertip temperature (in °F) were displayed in tabular fom 

on the Tektronix 4051 graphics screen along with oorrespc:>I'X3ing stamard dev­

iations. It nust be mted that the microvolt values refer to the processed 

EMG fran the Autogen units and may mt be equivalent to micrcwolt values 

fran another manufacturer's myograph unit (see Appeooix A-5). 

2.4 Signal processing 

'lhe EMG signal fran each muscle un:3erwent significant processing 

prior to storage on magnetic tape. Initially, the signal was barrlpass fil­

tered between 100-200 Hz. through a filter with the following dlaracteris­

tics - high pass: 54 db/octave below 100 Hz-1 and low pass: 24 db/octave 

above 200 Hz. 'Ibis baOOpass was selected because of its good artifact re­

jection dlaracteristics, high signal-to-noise ratio, and allowance for a 

wide range of EMG activity within a particular scale setting. Experience 

has shown this last factor to be important \then 'NOrking with an irrlividual 

with cerebral palsy as their muscle spasms can easily generate large quanti­

ties of EMG that can go out of range within a particular scale setting. 

Following bandpass filtering, the signal was transformed into a OC 

signal between 0 and 3 volts which was linearly :troportional to the integral 

average EMG. 'ttle filtered EMG was full-wave rectified, integrated and scal­

ed/divided by the time oonstant of integration \thich was 50 msec. (see Ap­

pendix A-5). 'ttle audio click feedback varied with this signal, called ins­

tantaneous !EM;, at a logarithmically proportional rate. 

Further sm::x>thing of the signal was Cbne prior to A/D conversion 

through a 2.2-secooo RC circuit (see Appeooix A-5) because of ccmputer pr~ 



15 

essing time l~itations. The fastest sampling rate that the Tektronix 4051 

could hardle so that the neans and standard deviations could be cx:mputed and 

displayed each minute was 5 sarrq;>les per secorrl. With four dlannels of data 

collection this neant that each channel was sampled at 1. 25 Hz. Since an a:i­

ditional channel was possible for future work a 2.2-second smoothing circuit 

(0.45 Hz. upper tarrlpass filter) was constructed which the IEMG signal ];as­

sed through. 'Ibis smoothed the IEMG signal to satisfy the Nyquist require­

ment of having the sarrq;>ling freqency ( 1. 25 Hz.) at least twice the max~um 

frequency aamponent of the signal (0.45 Hz.). 

During each minute sixty samples fran each of the four dlannels 

were collected. This took the first forty-eight secorrls of each minute and 

the remaining twelve were spent a:mputing :neans and standard deviations, and 

displaying these in tabular form. The constraints of BASIC ~ramming and 

the physical characteristics of the Tektronix 4051 were responsible for this 

lengthy processing t~e. A simple comparison of the mean IEMG processed by 

the Textronix 4051 with the 50-second running-time IEMG average value dis­

played on a neter, on the Autogen 1700, revealed that the :nean IEMG values 

were the same. Ibwever, the Autogen 1700 was unable to provide a standard 

deviation or indication of variation as the computer was able to do. 

2. 5 Statistical management of data 

Two BASIC progranmes (see Appendix A-3 and A-4) were devised, one 

to acx}Uire the data and calculate :neans and standard deviations and the 

other to summarize the data and perform correlations between the three EMG 

and single temperature parameters. A standard ~ranme was written and 

used to calculate the t-statistics for the in-session difference between the 
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intervention period arrl the baseline Period. Respiration rate was rot in­

cluded in the prograrrme as it was rot included in the canputer data acquis-

ition system, arrl was therefore analysed by harrl. 

For analysis };Urposes, only the last 10 minutes of the interven-

tion period was oampared with the lo-minute baseline. The same time period 

was chosen so that the two groups of data would have an equal number of ct>-

servations and also experience had shown that the first few minutes £oll~ 

ing the introduction of feedback -were needed to crljust to the task of ron­

trolling the feedback. Fbr the remaiooer of the discussion the last 10 

minutes of the 15-minute intervention period will be referred to as the in-

tervention period or feedback period in phase B. 

The following values -were canputed to sunmarize the minute neans 

and standard deviations of EMG am peripheral skin temperature for each ses-

sion: 

1. baseline period average; 
2. intervention or feedback period average; 
3. average change between baseline aoo intervention or feedback per­

iod; 
4. percent average change between baseline aoo intervention or feed­

back period; 
5. stamard deviation of baseline average; aoo 
6. staOOard deviation of intervention or feedback period average. 

All possible oornbinations of EMG am temperature neans aoo stan­

dard deviations -were then tested for significant oorrelation (P<O.OS) within 

each of the sixteen session. The following formulae -were utilized in 

computing the oorrelation ooefficients, rxy: 

Sxy 
rxy =---

SxSy 
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Sx = 1/N_ L_x_t. -_(I:_x)
2 

v N(N-1) 

N{N-1) 

For N=lO the correlation coefficient, rxy, must be greater 

than 0.6319 to be significant using a two-tail test at a 5% level of signif-

icance {from Table VII of Fisher and Yates: Statistical Tables for Biolog­

ical, Agricultural and Medical Research) • 
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Each subject participated in a total of sixteen biofeedback ses­

sions in addition to an introductory session and pre- and IX>St- biofeedback 

evaluations. Transportation oonstraints limited B.S. to attending three 

times per week and T. D. twice weekly. 

IAie to the difference in severity and manifestations of cerebral 

palsy exhibited between subjects, observations were treated as separate fol­

lowing a single-subject A-B-A design. 'lhree principal areas of interest 

were examined and are reported in this dlapter. 'lhese include: pre- and 

post- biofeedback evaluations; differences in fbysiological parameters be­

tween intervention or feedback period and the baseline period within each 

and between sessions; and oorrelations between fbysiological parameters. 

Physiological parameters oonsisted of: surface EMG fran frontales, right 

forearm extensor and right forearm flexor nuscles; peripheral skin tempera­

ture of the right index finger; and respiration rate. 
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3.1.1 

case study 1: Subject B.S. 

General description 
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B.S. was a 16-year-old female nDderately involved with athetoid 

cerebral palsy and who was quite familiar with the OCCC. She was crrbulatory 

and verbal but exhibited uncoordination ~ile walking am grasping d::>jects, 

and her speech was quite unintelligible except to a very attentive listener. 

SOcially, B.S. was active but she appeared to be inmature in developing re­

lationships with others am she easily got 'crushes' on males around rer. 

'Itlis in fact presented a substantial problem with the male experimenters arrl 

may have adversely affected the impact of the relaxation training. 

3.1.2 Effects of biofeedback training on physiological parameters 

3.1.2.1 Surface EMG 

Surface EMG signals from frontalis, right foreann extensor, am 

right foreann flexor muscles were recorded throughout the duration of each 

session. On-going ~ssing by a Tektronix 4051 desktop oamputer ~ovided 

mean values and their oorres}?Oilding standard deviations for each minute from 

the EMG signals. A typical graph :iOOicating nean am standard deviation 

values for IEMG that the Tektronix 4051 was able to produce is shown in Fig­

ure 3.1. Graphs for each muscle am session were produced am visually ins­

pected prior to further analysis. Period averages are presented in Figures 

3.2 and 3.3 for neans and standard deviations respectively in the fonn of a 

separate graph for each muscle site. '!\«> lines oo each graph are drawn: one 

to represent an average of the baseline period; arrl the other to reflect an 

average activity during the intervention or feedback period (last 10 minutes 

of the biofeedback session). 
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Figure 3.1: Typical graph illustrating IEMG of one muscle over time during a 
session indicating mean values + 1 standard deviation at each 
minute for subject B.S. -
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Figure 3.2: Average IEMG mean levels of each muscle for the baseline and 

intervention periods across sessions with indications of signi­
ficant (P<O.OS) differences between periods for subject B.S. 
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In the same figures a '+' or .-_, sign below a session 11lll'li:ler incH­

cates whether a significant (P<O.OS, t
18

>2.101) change between the 

baseline period and feedback period occurred and in ~t direction the aver­

age value J'IOIJ'ed. An examination of Figure 3.2 reveals that the greatest 

number of significant changes fran baseline to feedback period ( 4 out of 6 

negative changes in FB Ibase B) appear in frontalis :DiG. 

Absolute change in EX; levels fran oo-feedback Ii1ase A1 to feed­

back :tnase B is greatest with the right forearm extensor. '!his can be at­

tributed to B.S. lifting her wrist playfully during the first session resul­

ting initially with high EMG readings. High extensor and flexor EMG levels 

in mid ];tlase B can also be ascribed to B.s. voluntarily J'IOIJ'ing her hai'rl 

about oontrary to instructions. turing this time she had grown sanewhat 

bored with the sessions. Therefore, at that p::>int (after session 9) the 

irrportance of relaxation was discussed aJain in IlDre detail with her and her 

performance inproved afterwards. 

Much IlDre dramatic were the trends exhibited in Figure 3. 3 with 

standard deviation period averages. There are clear trends in reducing EMG 

standard deviations in all nuscles through the oourse of the study, disre­

garding mid :thase B where standard deviations were high as a result of B.S. 

moving her hand about. A canparison of ];tlase A2 with A1 highlights the 

changes that occurred. '!he trend is IlDSt apparent with frontalis, the feed­

back trained nuscle, and is further de!oonstrated in Figure 3.4b. In this 

figure, absolute changes in standard deviation between baseline and feedback 

periods are plotted across sessions and cx:rnpared with a similar plot of nean 

changes in Figure 3.4a. It can be seen that while the plot of within ses­

sion changes of nean values of :DiG across sessions does oot clearly indicate 



~ 

l 1·5 

-~ 1·0 ...... 
w 
(!) 
z 0·5 Cl 
:t 
u 
z 0 
Cl w 
~ -0·5 
(!) 
~ 
w -1·0 
w 
(!) 

Cl - 1·5 a:: 
w 
~ - 4·0.!)J 

A B 
NFB FB 

SESSIONS 

24 

Key 
..._..baseline 

period 
•-41intervention 
A period 

NFB 

Figure 3.4a: Average change in frontalis mean IEMG across sessions derived 
from the difference between the last 10 minutes of the inter­
vention period and a 10-minute baseline within each session 
for subject B.S. 
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Figure 3.4b: Average change in frontalis EMG SD across sessions derived 
from the difference between the last 10 minutes of the inter­
vention period and a 10-minute baseline within each session 
for subject B.S. 
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any change in B.S. 1 s ability to relax, there is a visible effect of the bio­

feedback sessions upon stamard deviation changes across sessions. 

Another d>servation that can be gleaned fran Figure 3. 4a arrl 3. 4b 

is that certain oontradictions exist, as evident in sessions 2 arrl 11, be­

tween EM; mean changes arrl starrlard deviation changes. In session 2 the av­

erage mean level of frontalis EMG decreases during the intervention period 

while average EM; standard deviations actually increase. 'lhe q;:JpOSite sit­

uation to this - decreasing starrlard deviations with increasing mean levels 

occurs in session 11. 

3.1.2.2 Peripheral skin temperature 

Peripheral skin temperature fran the right Wex finger was mea­

sured during each session and ~ocessed along with the EMG signals utilizing 

the Tektronix 4051 which calculated minute means arrl starrlard deviations. A 

typical session is exemplified by Figure 3.5 arrl period averages of means 

is illustrated for all sessions in Figure 3.6. Similar to the EMG plots one 

line represents the baseline period average while the other describes the 

intervention or feedback period average. .Again a 1 +1 or 1
-

1 sign below a 

session number Wicates whether a significant (P< 0.05,t18>2.101) 

change occurred fran the baseline to the intervention or feedback period. 

Although there did rot appear to be a oonsistent pattern to absol­

ute temperature, which certainly has a oonsiderable range across sessions, 

there was a oonsistent and significant (11 out of 16 session) pattern of de­

creasing temperature during the intervention or feedback period. No visible 

trends were ~ent with starrlard deviations. 
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Figure 3.5: Typical graph illustrating peripheral skin temperature monitor­
ed at the right index fingertip during a session indicating 
mean values + 1 standard deviation at each minute for subject 
B.S. 
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tervention periods across sessions with irxUcations of signifi­
cant (P<O.OS) differences between periods for subject B.S. 
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3.1.2.3 Respiration rate 

Same difficulties were encountered in the collection of this mea­

sure as the thennistor occassionally shifted with t.:pper lip novement. 'Ibis 

was nost likely due to irritation caused by the tape tolding the thennistor 

in place. A shift meant that sane breaths may have been missed. An 

additional error may have arisen in the manual reading of the exhalation 

rate oo the TEC at the minute mark. It is p:>ssible that a minute had an 

extra breath attributed to it that stx>uld have been counted during the 

previous or following minute. 'Iherefore, period averages were cxmputed by 

using the total sum of breaths for that period divided by the period length 

( 10 minutes) • 'lhese period averages are plotted in Figure 3. 7. N:> starrlard 

deviations were calculated. 

Even when considering p:>esible errors there was a rather clear 

decrease in respiration by the eni of the study. It may be, h:>wever, that 

B.S. became nore cxmfortable with the experimentation 011er time am, as a 

result, breathed in a nore relaxed manner. 

3.1.3 Correlations between physiological parameters 

In order to test the hypothesis that relaxation of the frontalis 

muscle will lead to "general relaxation", correlations between the various 

physiological parameters were analysed. Respiration rate was, however, ex-

eluded as it was oot part of the cnnputer-aided data ~isition system am 

recorded minute values were often unreliable. 

Six p:>esible cx:xtt>inations for correlation analysis exist between 

the Iitysiological indices. 'lhese are: frontalis IEMG/foreann extensor IEMG; 

frontalis IEM.;/foreann flexor IEMG; frontalis IEMG/index finger temperature; 
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SESSION 

CORRELATION 1 2 3 4 5 .6 7 8 9 10 11 12 13 14 15 16 

AB + 
AC + 

between AD I - - I -
Mean BC + + + + + + + + + 
values BD -

CD 

AB + 
AC + + + 

between AD + 
SD BC + + + + + + + + + + + + + 
values BD + + + 

' CD + + + 

AA + + + + + + + + + + + + 
between BB + + + + + + + + + + + + + + 
Mean and cc + + + + + + + + + + + + + + + + 
SD values DD 

Table 3.1 Significant correlations (P<0.05) indicating direction of 
correlation between phyiological parameters for subject B.S. 
during baseline period (minutes 1-10) 

A - frontalis EMG 
B - right forearm extensor EMG 
C - right forearm flexor EMG 
D - right index finger temperature 
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SESSION 

CORRELATION 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

AB + + + 
AC + + -

between AD + -
Mean BC + + + + + + + + + + + 
values BD - -

CD - + + + 

AB + + + 
AC 

between AD -
SD BC + + + + + + + + + + + 
values BD + + 

CD + I + + I J AA + I + + + + + + + I + 
between BB + + + I + + + + + + + +I + + I 
Mean and cc + + I + + + + + + + + + +I + +I SD values DD + I I 

Table 3.2 Significant correlations (P<0.05) indicating direction of 
correlation between phyiological parameters for subject B.S. 
during intervention period (minutes 16 - 25) 

A - frontalis EMG 
B - right forearm extensor EMG 
C - right forearm flexor EMG 
D - right index finger temperature 

30 
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forearm extensor IEMi/forearm flexor IEMG; forearm extensor IEMG/iOOex fing­

er temperature; and forearm flexor IEMG/index finger temperature. 

Correlation coefficients (see section 2.5) were cnnputed for each 

of the above CXJilbinations between nean values alone arrl between standard 

deviation values alone for the baseline period arrl intervention or feedback 

period separately. Also, an crlditional oorrelation calculation was perform­

ed between mean values arrl their oorrespoming starrlard deviations for each 

of the four parameters. All of the oorrelation coefficients are reported in 

terms of their significance in Tables 3.1 and 3.2. Table 3.1 displays a 

matrix indicating significant oorrelation (P<O.OS) and direction of oorre­

lation between physiological parameters across sessions during the baseline 

period. '!he intervention of feedback periods are similarly analysed arrl 

shown in Table 3. 2. Jmnediately obvious is the strong oorrelation between a 

mean EM; value and its standard deviation in both periods. '!here is also a 

relatively strong positive oorrelation (imicated by high incidence) between 

the forearm extensor and flexor muscles which is not surprising oonsidering 

that they are agonist/ antagonist muscles. Few oorrelations, h::>wever, exist 

between frontalis and the forearm muscles. turing the feedback period there 

are three out of ten significant oorrelations (with both nean arrl starrlard 

deviation values) between frontalis arrl forearm extensors that did not exist 

during the baseline period of those sessions but little else can be discern­

ed from the data. 

3.1.4 Evaluations 

3.1.4.la Speech: Pre-biofeedback 
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'!his assessment was ex>nducted ·and prepared by the Speech and Hear­

ing Deparbnent of the occc. In a P'tysiological examination of the oral nec­

hanism B.S. daoonstrated limited tongue novements and she was unable to lat­

eralize her tongue which tended to retract oo each voluntary attempt. Upon 

protrusion a mild trenor was ooted. She illustrated great difficulty in 

elevating and depressing the tongue both within and outside the oral cavity. 

In order to assist in elevating her tongue outside of the nouth there was 

noticeable jaw movement fran the mandible and lip. Smiling both oo cxmnand 

and spontaneously was accanplished with cp:x3 synmetry and novement. 

Diadocookinetic testi03 denonstratErl that B.S. was able to sustain 

vowel sounds as follows: 

1) (ah) - 3 seconds 
2) (o) - 4 seconds 
3) (e) - 4 seconds 
4) (o) - 3 seconds 

where each time represents an average 01.1er several trials with each ];hona­

tion. B.S. was able, tx:Jwever, to ex>unt to 10 on a single breath. 

ruring word and P'trase repetition tests B.S. had oo difficulty in 

the repetition of single words and 2 or 3 word P'trases. lbwever intelligib­

ility was greatly reduced in the repetition of longer sentences and there 

was an anission of articles. VOice <pality was in a nonotone and severely 

dysarthric and B.s. was ooly able to read ooe paragraph of phonetically bal-

anced passage. 

B.s. had the following errors in an articulation test: 

- b/v in the final position 
- k/p in the medial position 
- all s and sh sounds were lateralized and sloppy 
- t/ch in all positions 
- t/th in initial position 
- th anitted in medial arrl final position 
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- there were al.n\ost oo blends of initial CXX'lSOOallts 
present 

3.1.4.lb Speech: Post-biofeedback 

With regard to the functioning of B.S.'s oral nusculature very 

little change was ooticed. sane inprovements were d::>served in sustaining 

VCMel sounds as follows: 

1. ( ah) - 10 seconds - an increase of 7 seco00s 
2. (ou) - 8 secorrls - an increase of 4 seconds 
3. (e) - 4 secorrls - no dlange 
4. ( o) - 5 seconds - an increase of 1 secorrl 

Also, B.S. was r¥JW able to oount up to 15 on a single breath, an improvement 

of a oount of 5. 

Little if any change was ooted for ~rd arrl J:hrase repetition, 

voice quality, and articulation. fbwever, the level of intelligibility of 

reading a J:honetically balanced p:tragraph appeared to have improved subject-

ively to the examiner arrl there seemed to be nore change in the production 

of final consonants. 

3 .1. 4. 2a Hand function arrl psychological measures: Pre-biofeedback 

A sunmary of the findings of sixteen measures is provided in Table 

3. 3. 'nlese tests were oorrlucted by a childhood develq;:mental oonsul tant for 

the OCOC Biofeedback Hesearch Project. 

3 .1. 4. 2b Hand function arrl psychological measures: Post-biofeedback 

'lhese findings are listed with pre-biofeedback measures in Table 

3.3. CUt of a total of 16 measures oo change was d::>served in 2 measures, 

decreased performance in 2 measures ( 5% arrl 18%) arrl irnproved perfonnance in 



Test 

WISC-R 

Fluency 

Sentence Memory 

Category 

Trails Making 
(9-14 Battery) 

Finger Tapping 

Minnesota Rate 
of Manipulate 

Measure 

Digit Span 
Picture Completion 
Picture Arrangement 
Block Design 
Object Assembly 
Coding 

i number 

number correct 

Errors 

A- time 
- errors 

B - time 
- errors 

A+B - time 
- errors 

-

Pre-BFB 

RS-8 SS-4 
RS-21 SS-9 
RS-24 ss-7 
RS-28 SS-6 
RS-20 SS-6 
RS-19 SS-1 

6.5 

14 

71 

24" 
0 

47" 
0 

71" 
0 

x number 14.33 lt. 
12 rt. 

Unilateral 1 
2 

Total 
Bilateral 1 

2 
Total 

4'09" 
3'59" 
488" 
4'55" 
3'40" 

515" 

Post-BFB 

RS-9 SS-5 
RS-21 SS-9 
RS-34 SS-10 
RS-23 SS-5 
RS-28 SS-6 
RS-28 SS-1 

7 

17 

35 

17" 
0 

40" 
1 

57" 
1 

15 lt. 
12 rt. 

3'09" 
3'21" 

390" 
3'39" 
3'47" 

446" 
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Performance 
Change 

+13% 
0 

+42% 
-18% 

-5% 
+47% 

+ 8% 

+21% 

+51% 

+21% 

+18% 

+20% 

+ 5% 
0 

+20% 

+13% 

Table 3.3 Summary of hand function/psychological measures for subject B.S. 
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12 measures. '!he following is a breakdown of the distribution of improve-

ments: 

- increased 5 - 15% : 
- increased 16 - 30% 
- increased 42 - 51% 

4 measures 
5 neasures 
3 measures 

With regard to the significance of these findings, it is difficult 

to make any conclusive statement since not enough is known about the effects 

of repeated assessment with this J:X>pulation. As well, there is not any data 

available to make valid oamparisons between frontalis EMG biofeedback relax-

ation training and other treatment regimens. 

3 .1. 4. 3a Gait: Pre-biofeedback 

In order to assess the effect of relaxation on B.S. walking a gait 

stlrly of B.S. in the OCCC gait laboratory was undertaken. At this time the 

gait laboratory was in a stage of developnent and this assessment was rore 

or less an exercise in using the facility for evaluation. Results fran this 

pre-biofeedback assessment are discussed in conjunction with the }:X>sttreat-

ment evaluation of gait. 

3.1.4.3b Gait: Post-biofeedback 

An identical gait study to the pre-treatment study was performed. 

Unfortunately, not all of the J:X>ssible assessment techniques were cperation-

al during l::x:>th studies and as a result, only infonnation concerning the re­

peatability of joint angle-time histories were available for analysis. How-

ever, if treatment was successful in reducing randan movements it would be 

expected that the repeatability of gait parameters would increase. 
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'lWo gait runs (pre- and J;X>St-treatment) during which the speed of 

walking was about 0. 7 m/s. were a::~~~pared. sanewhat surprisingly the secorrl 

study showed a loss in repeatability with regard to knee versus hip and ank­

le versus knee angles for four footsteps. r:uring this study the IXX>r re­

peatability may be attributed to a major extent to the variability of hip 

angle at the ooset of swing. '!he extension of the right hip at this time 

had a mean value of 25.7° + 14.5° (+ SD) while oo the left side, this value 

was 1. 7° + 1° of flexion. An odd reversal occurred in B.S. 1 s stance behav­

iour. In the first study she favoured l:er left side with a stance period of 

0.97 + 0.06 seconds. 'Ibis contradicted with the second study \\here she fav­

oured ter right side spending 0.81 + 0.07 seconds oo that side during stance 

and ooly 0.65 + 0.03 seconds oo the left side. 

In sunmary, B.S. did oot show any improvement in walking arrl in 

fact her walking patterns appeared to be llDre variable or \<WOrse during the 

post training assessment. lk:Mever, oot a great deal of weight can be ap­

plied to the gait assessment as its validity is questionable with a person 

with athetoid cerebral palsy. 

3.1.4.4 Questionnaire 

'!he parents of B.S. rated l:er in a questionnaire (see Appendix 

A-2) <XK~"~paring her behaviour, abilities, and/or qualities since relaxation 

training began with the period prior to training. Histogram sumnaries of 

their responses are presented in Figure 3.8 in each of the three categories. 

Category 1, {ilysical characteristics, had eight out of eleven cpplicable 

ratings. category 2, functional activities, had five out seven J;X>Ssible 

ratings applicable and the last category, ~chosocial factors, had bielve, 
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all applicable, ratings. As can be seem fran the histograms, very little 

change occurred from the p:t.rent's p:>int of view. R:>sitive dlanges ~ared 

to be fairly well balanced with negative dlanges but with slightly nore 

gains in the physical characteristics category. The nost p:>sitive dlanges 

were in notor rontrol and ability to relax an cx:mnand. en the other haOO 

the nost negative change appeared to be in B.S.'s self-image category. 

3.2 

3.2.1 

Case study 2: Subject T.D. 

General description 

T.D. was a 19-year-old severely involved male diagnosed as having 

predominantly spastic cerebral p:t.lsy with sane athetosis. Although oon-ver-

bal, T.D. was quite cx:mnunicative with a ~adstick p:>inter and alphabet 

board or typewriter. He was independently nd:>ile with a manual \'lheelchair 

that ~ propelled with his feet but was unable to feed, dress, or transfer 

himself. rue to the nature of his cerebral palsy, spasticity varied day-by­

day and with his level of stress or anxiety. Of oonnal intelligence and 

quite sociable T.D. felt that his greatest problems with uncontrolled spas­

icity and athetoid novements were \'~hen ~ was ronfronted with uncanfortable 

social situations such as being with a member of the opposite sex. 

3.2.2 

3.2.2.1 

Effect of biofeedback training an physiological parameters 

Surface EM; 

An identical data base to that of subject B.S. was rollected and 

analysed with T.D. Period averages are presented in Figure 3.9 and 3.10 

for neans and standard deviations respectively in the fonn of a separate 

graph for each llUScle and each with two data lines to distil')3uish the base-
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line fran the intervention period. Significant differences between the two 

periods are marked below sessions numbers. 

Of the three nuscles - frontalis; right foreann extensors; am 

right foreann flexors, only the foreann extensors appeared to benefit fran 

the training. 'Ibis is denonstrated by a reduction in EMG after the intrcr 

duction of frontalis feedback (phase B) am a reversal effect ~en the feed­

back is renoved. Perhaps, a better l.IOOerstaOOing of T.D. 's reaction to 

feedback can be gained by cnnparing a typical Fhase A1 session with a typ­

ical phase B session utilizing the oomputer ~uced graphs displaying min­

ute rrean EMG and standard deviation values during a session. Figure 3.11 

illustrates the data fran the three nuscle sites during session 3 (phase 

A1 and Figure 3.12 illustrates similar data during session 6 (phase B). 

Very little difference between the intervention period (when asked 

to relax as best as possible) and the baseline period (when asked to remain 

still) is visible in the Fbase A1 session. H::>wever, a typical pittern 

with feedback is shown in the Fhase B session. Inmediately upon introduc­

tion of auditory frontalis feedback EMG levels increase, most dramatically 

in the foreann. After a few minutes they drop to or exceed baseline low le­

vels, but they rise again and drop by the end of the session. '!his roller 

coaster effect was seen in several of the feedback sessions and oould pos­

sibly result from T.D.'s anxiety with attempting to relax and remaining re­

laxed after reaching that state. 

Unlike B.S., there was oo training effect oo T.D. 's frontalis EMG 

standard deviations. As rrentioned previously, a nuch nore pronounced train­

ing effect oo standard deviations was derronstrated with the foreann extensor 

values. 
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3.2.2.2 Peripheral skin temperature 

Peripheral skin temperature was neasured fran T. D. 's right Wex 

finger and average period nean values are shown in Figure 3.13. very little 

difference occurred between the intervention period and the baseline period. 

IXlring each session temperature oontinually rose and fell with an average 

range of 2. 5° for the entire session. An increase in temperature is visi­

ble, however, between ];ilase B and both A ];ilases. 'Ibis increase mwever can­

not necessarily be attributed to the feedback as T.D. 's temperature was 

initially high during the no feedback baseline periods. 

3.2.2.3 Respiration rate 

Difficulties similar to those with B.S. were encountered in neas­

uring T.D. 's respiration rate. T.D. had a tendancy to sweat and vigorously 

move his lips (athetoid rrovements) • 'lhese factors CXJ'Ilbined to loosen the 

tape attaching the thermistor beneath his nostril and therefore the thermis­

or often rroved. T.D. 's breathing was nuch stronger than B.S. and the TEC 

was nore likely to record half an exhalation (ie. half an exhalation and 

brief inhalation followed by the rest of the exhalation). 'lherefore the 

respiration data may be scmewhat unreliable. Nevertheless, period averages 

are shown in Figure 3.14. '!here are as many instances during ];ilase B of the 

respiration rate increasing as decreasing in the feedback period. 'lb 

conclusions can be drawn fran this data. 

3.2.3 Correlations between physiological parameters 

Similar calculations to those done with B.s. were repeated to test 

the "generalization" hypothesis with T.D. Illustrated in similar matrix 
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fonn in Tables 3.4 and 3.5 the significant cx:>rrelation indicators provide a 

slightly different nessage than those with B.S. '!here are visibly far fewer 

significant oorrelations between nean values and their starx:lard deviations 

and alm:>st oo oorrelation between foreann nuscles. M:>st surprisingly there 

are a significant number of p:>sitive oorrelations between frontalis and 

foreann flexors but oot extensors. 

3.2.4 Evaluations 

3. 2. 4 .la Typing: Pre-biofeedback 

T. D. was able to type with the aid of his ~ad stick fran two }.:ara­

graphs in a typing manual and the number of lines typed, keys hit, and er­

rors in two 10-minute ~riods were oounted. Iesults are surrmarized in Table 

3.6. 

3. 2. 4 .lb Typing: Post-biofeedback 

'!be task of typing with the aid of a ~adstick fran the same two 

paragraphs in a typing manual as before was repeated. Again, results are 

presented in Table 3.6. Dlring the first trial (first }.:aragraph) T.D. dem­

onstrated an inprovement of 9% and in the second }.:aragraph an improvement of 

19%. 

3.2.4.2a Range of I'IDtion of both shoulders: Pre-biofeedback 

In examining T.D.'s right shoulder, a physiotherapist was able to 

achieve a range of ootion (101) of 85° to 90° in an initial lift oonsisti.r¥3 

of forward flexion through extension before spastic resistance. Continua­

tion of forward flexion and extension mtil the physiotherapist could oot 
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Measure Pre-BFB Post-BFB 

Trial 1 Trial 2 Trial 1 Trial 2 

II lines 11 10 11 11 

II hits 321 306 351 363 

II errors 33 21 24 18 

error rate 10% 7% 7% 5% 

Table 3.6 Summary of typing assessment with subject T.D. 
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0\7ercane spasticity led to a HOM of 120°. ll.Iring the first attempt, abduc­

tion of the right arm was ~ssible due to spasticity but a later attempt 

achieved an abduction HOM of 80°. 

'!be left shoulder exhibited a I01 of 115 ° to 118 ° during forward 

flexion through elevation prior to spastic resistance. Full elevation of 

180° was achieved when the P'lysiotherapist forced the arm until she oould 

not overcame spasticity. Left abductor muscles were quite tight but a 90° 

abduction was possible by external rotation and neeting resistance of spas­

ticity. 

3. 2. 4. 2b Range of llDtion of both shoulders: Post-biofeedback 

A Ia1 of 85° to 116° was exhibited in the right shoulder during an 

initial lift before first resistance by spasticity as previously described. 

The continuation of this lift until it was oampletely blocked by spasticity 

extended the RCM to between 116° and 123°. Abduction and external rotation 

of the right arm demonstrated a range of 68° to 88°. 

Left shoulder 101 was 74° during initial lift that was exteooed to 

between 143° and 180° when total resistance was net. A 68° I01 was };Ossible 

in the abduction maneuver. 

It was evident that there was m dlange in T.D. 's roM of l:x>th 

shoulders or in the effort required to passively move T.D.'s arms. 

3.2.4.3 Questionnaire 

T.D. 's sister rated his behaviour, abilities, and/or qualities 

COI'Iparing these since relaxation training began with the ~riod prior to 

training. T.D.'s sister rather than his parents answered the questionnaire 
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because of language problems. 'lhe same questionnaire as enployed with B.S. 

was used. Iesponses are presented in Figure 3.9 in the form of a histogram 

for each of the three categories. All rating categories YNere applicable 

with T.D. 

Ratings~ his sister echoed T.D.'s oamments that although he felt 

little t*lysical change there had been a oonsiderable dlange or alteration in 

his ,~;Sychological state. According to his sister, he felt that he had in­

creased his self-awareness and maturity. 
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CHAPTER IV 

DISQJSSICN 

4.0 Introduction 

'!he results from this preliminary trial of frontalis EMG feedback 

relaxation training with two cerebral palsy subjects are oot entirely 

straightforward or strikingly ~ising. 'lhrough the employment of single­

subject design nethodology, the effects tp>n general relaxation with frontal 

Er-K; feedback alone were investigated. Physiological effects were assessed 

by m:>ni toring surface EMG from frontal arXl forearm nuscle sites, fingertip 

temperature and respiration rate. Clinical changes were evaluated through a 

variety of functional assessments and a subjective questionnaire. 

Although sane improvements were ooted in lx>th subjects arXl sane 

interesting patterns of physiological ~;arameters emerged, there was oo clear 

evidence suggesting real ftmctional improvement ac3 a result of the training. 

A nlltlber of reasons may account for this arxi these factors will be examined 

in the ensuing discussion. 
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4.1 Single-subject design 

'1he use of single-subject design is gaining a:::ceptance as a scie~r­

tific nethod for evaluating therapeutic treatments in a clinical environ­

ment. It has several distinct crlvantages 011er group studies arrl is J;Brticu­

larly suited for studying treatments involving a cerebral J;Blsy .POPUlation. 

'!be manifestations of cerebral J;alsy are such that even tlx>ugh broad des­

criptive categories can be defined, within each category such as sp:istic or 

athetoid oo two individuals will be exactly alike. 'lberefore, grouping cer­

ebral palsy subjects is not always reasonable unless there is a sufficiently 

large population to draw ~. With a l~ited population the heterogenity 

within a group is usually quite pronounced thus l~iting the scientific val­

idity of a group study. 

One significant benefit of a single-subject (or single-case) de­

sign is that the subject serves as his own oontrol. All subjects r:eceive 

whatever clinical benefit is obtainable as there are no control groups and 

there are no problems with matching oontrol subjects. other a:Jvantages of 

employing this approach in biofeedback research include: a focus oo clinical 

significance~ the use of variability as data oot error~ unique nethods for 

establishing generality of findings; and a capacity for dealing with ethical 

concerns in clinical research (Barlow, Blanchard, Hayes am Epstein, 1977) 

The basis for utilizing a single-subject design ~lves using the 

subject as his own control and implementing different treatment interve~r­

tions ooe at a time am establishing the effects of each intervention. In 

this manner there can be little doubt about the effect of a specific inter­

vention providing that oo confounding variables were inadvertently rresent. 
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COnfollOOing variables are those enviromnental cxn:titions that may 

positively or negatively affect the behaviour being examined. Many present 

therapeutic intervention theories have developed without a solid scientific 

basis and without discrimination between specific treatment effects and oon­

follOOing variables. Q1e oonsequence of this is that a therapist or clini­

cian may conclude a false .r;x>sitive or a false negative outcane. A false 

positive is when a behaviour impvoves in a patient and this is causally rel­

ated to the applied treatment when in fact the impvovement may be the result 

of sane other environmental factor. Q1 the other hand, the treatment nay 

indeed be effective while the behaviour <Des oot cppear to impvove. 'Ibis may 

possibly be due to ineffective or insensitive assessment techniques and will 

lead to a false negative outcome. 

In this pilot study, an A-B-A single-subject design was chosen 

since only ooe variable, frontalis EMG feedback, was being tested. Both A 

periods a:>ntained three baseline or ID-feedback sessions. 'Ibis I'J.llli:ler is 

the minimum required to establish a trend in the data (Hersen and Barlow, 

1976). Longer A periods were oot arployed simply because the subject fo\JOO 

them boring and lengthening the runber of sessions might have turned the 

subjects off the study. lbwever, to be nore scientifically rigorous, J;ilase 

A1 should have been extended tmtil each subject reached stability. '!be 

fact that behaviours were tmStable highlights the diverse nature of cerebral 

palsy even within a single person. !base B was ten sessions long and in 

looking with hindsight this Fhase should also have been longer so that there 

would have been a greater dlance for the training to impact. In crldition, a 

second B period might have been beneficial since the subjects would oot then 

end with a oo-treatment phase. 
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Within each session there was a l::aseline Feriod am an interven­

tion Feriod. Cbntinuous auditory feedback of frontal EMG constituted the 

intervention in Itlase B while a short instruction to relax as nuch as p:>s­

sible was used in A Itlases. '!he rationale behioo this design was to p:cwide 

a means of cxxnparison of behaviour indepeooent of day-to-day differences 

typically seen in an individual ith cerebral plisy. It also provided a 

means of cxxnparing EMG data which is affected by electrode placement am 

skin quality. Although it is recognized that it is difficult to canpare ab­

solute IEMG values between sessions, these values were nevertheless plotted 

in the results section for visual interpretation. It was felt that careful 

placement of the electrodes and high input impedance on the EMG unit mini­

mized between-session variation unrelated to manges in nuscle tension. 

4. 2 Frontalis EMG feedback arx3 generalization theory 

'!his pilot study was intended to replicate am exteoo w::>rk lnder­

taken by Finley, Niman, Stanley, am Ender ( 1976) who reported the use of 

frontalis EMG feedback training in cchieving mnnalization of muscle tone in 

six athetoid cerebral palsy patients. '!hey mted that in cddition to show­

ing premise as a treabnent in the habilitation of athetoid cerebral plisy 

patients, frontalis EMG feedback had significance in placing responsibility 

for dealing with the treabnent upon the patient arx3 mt the therapist. 

Finley, Nirnan, Stanley am Wansley (1977) exteooed this w::>rk with four spas­

tic palsy children but with an cdded dimension. 'Ibis was the inclusion of 

explicit behaviour IICdification techniques with frontalis EMG feedback to 

form a treabnent package which they ooined the name "electrophysiologic 

behaviour :roodification" ( EBM) • 
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'!he main f:Urpose behioo EBM was to provide a system sufficiently 

rotivating such that a child patient would be nore likely to p:>sitively :res­

pooo to arXi canply with the training. Finley arXi his co-workers fourxl that 

this technique worked well with children arXi these children denonstrated in­

creased functional abilities after training. As a result of their ~amising 

findings Finley et al ,~;Ut forth the argument that training frontal EMG red­

uction leads to generalization with oorresporXIing relaxation at llltrained 

muscle sites. 'lhis was substantiated by fiooing an initial oorrelation be­

tween frontal EM; and foreann flexor EMG during EBM training am by observ­

ing improvements in notor skills. Studies with oonnal subjects by Al.exal'Xier 

(1975) and Freedman (1976) dispute this argument am nore recently Glaus am 

Kotses (1979) point out that response generalization should decrease with 

increased training due to a continued differential reinforcement. Disting­

uishing the tenns muscular covariation aro generalization, Glaus am Kotses 

performed a study that iOOicated muscular oovariation did exist but contin­

ued EM; training decreased this covariation. 'lhis decrease in oovariation 

suggested that the response generalization function associated with EMG 

training was similar to other responses where generalized respoooing de­

creases with continued training aro can be attributed to the discriminitive 

reinforcement and specificity inherent with EMG training of one muscle. 

A1 though we recognized the fact that there was oot substantial 

supp:>rt for the theory of generalized relaxation with frontalis EMG feed­

back alone, the pranising functional improvements seen by Finley et al 

( 1976) and Finley et al ( 1977) led us to test out this approach. It was 

felt at the onset of this study that learning to reduce frontalis EMG act­

ivity would lead to lOW'ered arousal with a generalizing effect of reducing 
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rest of the skeletal nusculat.ure. 'Ibis reduction in body tone \tt10uld in tum 

translate into increased functional control. Rather than begin with EBM it 

was decided to test and identify the effect of frontalis EMG feooback alone 

before introducing any confounding variables. In order to make a statement 

concerning the generalizing effects of frontalis EMG feedback, it was neces­

sary to measure a nlmlber of physiolCXJical parameters. For this reason fore­

ann flexor and extensor activity, peripheral skin temperature and respira­

tion rate were rronitored. Lack of further equipnent limited the rumber of 

EMG Ironitoring sites and it is reCCXJnized that, if p:>ssible, additional 

sites in the lower limbs, trunk or neck muscles should have been nonitored. 

Although oot done in this study, it 'WOuld also be {X)Ssible to get a subject­

ive impression by the subject as to their feelings of relaxation. 

4.3 Effects of frontalis EMG training on all surface EMG measures 

An examination of both B.S. •s and T.D. 's surface EMG fran the 

frontalis and forearm sites did oot reveal any dramatic improvements in 

absolute integrated EMG ( IEMG) levels. B.S. deroc>nstrated s:xne ability in 

reducing frontalis EMG within sessions with feedback, which was reversed 

upon removal of feedback, but oo significant generalizing effects upon the 

forearm extensor and flexor absolute IEMG levels were d::>served. 

'Ibis lack of generalizing was substantiated by performing correla­

tions between pairs of muscles and cx:mputing the significance of oorrela­

tion. Although there was a high incidence of correlation between forearm 

flexor and extensor activity there was aliiDst no significant oorrelation be­

tween frontalis activity with either forearm extensor or flexor activity. 

'!he few significant oorrelations that did occur were nost likely coincident-
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al or natural oovariation. 'lhis reflects r8Jatively upon the theory of 

frontalis EM:; feedback aiding general relaxation, at least with this one 

subject. 'lb a certain degree this can be attributed to B.s. becaning s::me­

what oored with the training, oot p:~ying attention to the task at ha.OO, vol­

untarily IIDVing her arms and hands about, and also playing with the teed­

back. 'lhis highlights the problem of frontalis EMG feedback alone oot being 

sufficiently rewarding or motivating especially with children Who have neur­

ological damage. It was primarily for this reason that Finley et al (1977) 

developed the U9e of EBM. Although B.S. was sixteen years old it was evi­

dent that she needed something more than frontalis EMG feedback to maintain 

her interest. 

An interesting d>servation, b:>wever, did stem fran B.S.'s EMG data 

and this ooncerned the standard deviation values. Derived fran the values 

used in CCII'plting minute :neans of IEMG, standard deviations appeared to give 

sane cdlitional information that was oot apparent with the :nean IEMG values. 

Rather than consider the variation within a minute p:!riod as natural fluctu­

ation in :neasurement, standard deviations ~re examined as physiological 

parameters that provided a :neasure of the amount of variation of muscle ten­

sion. In all three sets of muscles monitored, B.S. was able to reduce ab­

solute standard deviation levels wilen cx:xnparing the last session (phase 

A2) with the first sessions. M:>st dramatic was the trend visible in fron­

talis standard deviations roth in absolute levels a:::ross sessions and in 

differences between within-session fieedback p:!riods and respective baseline 

periods. Of special interest was the d:>servation that during cne session, 

mean levels of IEMG increased and standard deviations decreased, ~ile the 

o~site conditions arose during ar¥>ther session. 'Ibis ll'lderlines the ~ 
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portance of examining muscle activity variation in addition to mean levels. 

It is often possible that mean levels will be seen to remain ex>nstant with 

feedback While variation decreases. In this case mean EMG levels are not 

sufficiently sensitive measures and will result in an outcome deemed unsuc­

cessful when in fact a reduction in variability of muscle tone could be seen 

as a successful result. With a subject having cerebral palsy, especially 

one with athetoid ItOVements, a reduction in muscle tone variability may be 

of prime concern When intending to improve notor functioning. 

Correlation analysis between the mean level of IEMG and its stan­

dard deviation indicated in nost sessions a significant (P<O.OS) correlat­

ion, ie. higher mean levels of IEMG temed to have higher stama:rd deviaions 

associated with them and vice versa. 'Iherefore, if mean levels of IEMG are 

employed as indicators of muscle tone, stama:rd deviations also have value 

as similar indicators. For this and for the reasons previously mentioned 

standard deviation may be thought of as an adjunct parameter that nore fully 

describes muscle behaviour. 

On the whole, muscular tension increased in the other subject, 

T. D. , during the intervention period. 'Ibis was a dlaracteristic response 

exhibited by T.D. and was nost likely the result of his trying too hard in 

an active sense to relax and then getting frustrated When the feedback did 

not respond as wished. Keats (1965) described a similar response \then anxi­

ety as well as frustration was a precursor of increased spasticity in imi­

viduals with cerebral palsy. 

A roller CX)a8ter effect within T.D. 's sessions of alternating in­

creased tone and relaxation as described in the results section illustrates 

the severity of his oomition. Ull.ike B.S., this subject was nuch nore in-
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volved and could mt remain relaxed when a::tively trying to relax fur nore 

than a few minutes at a time. 'lbe fact that T.D. was a::tively rather than 

passively trying to relax can be associated with the frontalis EMG feedback 

alone as the treatment intervention. As there were m specific instructions 

on ]:x)w to relax in a pissive manner, controlling the feedback placed pres­

sure on T.D. to perfonn thus leading to anxiety arrl subsequently increased 

spasticity. 

Few significant correlations were observed between ~rean IEMG lev­

els and their associated standard deviations. Although 1.11usual fur a mnnal 

subject or even a less involved cerebral p:ilsy in:Uvidual it can be a::count­

ed for by his higher levels of spasticity. 'lbere \«>Uld be minutes \\here 

T.D. \«>uld exhibit prolonged but steady muscle spasticity. In this case, 

high EMG ~rean levels \«>Uld be recoroed in conjunction with lO'tli standaro dev­

iations. Mulholland ( 1979) described the use of standaro deviation in a 

'control ratio' (mean/ standard deviation) which re enployed as a self­

regulatory index in EEG biofeedback training. If such a ratio was applied 

to T.D.'s EMG data it \\QUid be a wildly varying pirameter even within one 

session as ~ to constant which is hypothesized in mn-neurologically 

damaged subjects. Perhaps the variance of a control ratio can describe the 

degree of involvement of spastic cerebral pilsy. A large variance may re~ 

resent severe involvement and low variance mild involvement. Ibwever, much 

more study is required to validate such a hypothesis. 

4.4 Effects of frontalis EM; biofeedback on peripheral skin temperature 

It has been suggested that teaching a person to relax \\QUid be a::­

companied with an increase in skin temperature of the fingers. Conversely, 
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teaching a person to raise their fingertip teq:lerature slx>uld aid in attain­

ing a state of relaxation. Indeed, feelings of wannth in the extremities 

have been incorporated in autogenic training (Shultz & wthe, 1969). catt>i­

ning autogenic training with t.enq:lerature biofeedback, successful clinical 

applications have been denonstrated for migraine arrl tension ~adaches. Al­

though it was oot the intent of this study to investigate temperature feed­

back it was thought best that fingertip temperature be JIOnitored ooncurrent­

ly with the other parameters in order to test the hypothesis of increased 

tenperature with relaxation. Unfortunately neither subject truly learned to 

relax. 

A considerable range of baseline temperatures was ooserved in B.S. 

and during feedback :tnase B there was a consistent and significant (P<O.OS) 

drop in tenperature in the feedback period cx::mpared with baseline period. 

Even oonsidering the fact that B.S. did oot learn to fully relax it is still 

hard to account for the drop in ~r fingertip temperature during the feed­

back period ex>mpared with the baseline. A cyclic nature of baseline temper­

atures of varying frequency and anplitude has been described by Trusk arrl 

Janke! (1979) and was seen within and between sessions with B.S. 'ttle p:>ssi­

bility existed for the feedback period to ooincide with a decreasing temper­

ature cycle but it tNCuld be expected that this tNCuld occur JIOre or less in a 

randan fashion. It is doubtful that it is nere ooincidence that in 7 out of 

10 sessions there was a significant decrease in temperature between the 

baseline and feedback period. At this time an explanation is difficult and 

therefore the results are simply ~esented. 

Nothing ex>nclusive can be drawn after inspecting T.D. 's fingertip 

tenperature other than that cyclic patterns of rising arrl falling tempera-
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tures similar to B.S. were ooticed. '!here were ally two significant de­

creases in temperature during the feedback periods arx1 oo significant in­

creases. fi:Jwever, it was oot surprising that T.D. did oot raise his temper­

ature as it teooed to be very high in the baseline arx1 the "ceiling effect" 

or fhysiological maximum temperature may have prevented it fran c;ping any 

higher even with relaxation training. Although oot fully documented it is 

hypothesized after examining the results fran B.S., T.D., arx1 others that 

temperatures fluctuate more in persons with cerebral palsy than mrmals. 

4. 5 Effects of frontalis EM; biofeedback on respiration rate 

As an adjunct neasurement providing an i.OOex of physiological 

change during relaxation, respiration rate was unsatisfactory and gave only 

sane information which was of dubious usefulness because of technical dif­

ficulties. Both subjects, especially B.S., foum the wearing of a thennis­

tor taped just below a oostril irritating. Also the thennistor had a teoo­

ency to shift with lip novements which in T. D. 's case were substantial. 

Although it appeared that B.S. had significantly lowered l'Er res­

piration rate near the end of the study this oould be due to inaccurate re­

cording and l'Er mouth breathing. T.D. did mt denonstrate any oonsistency 

in reducing his respiration rate with feedback and this follows fran his 

lack of ability in controlling his spasticity. 

4.6 Assessnents am questionnaire 

Identical pre- am fX)st-frontalis EMG training assessments served 

as clinical depeooent neasures and were suited to each of the two subjects. 

Repetition of tasks was oot viewed as a problem affecting fX)St assessments. 
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M:>st of the tasks were oot new to the Subjects arXI their functional abili­

ties had levelled off by their a:Je. 'Dlerefore, oo practice effects were 

anticipated. A questionnaire was also formulated in order to e11aluate the 

clinical :in-pact of the training. Although other assessments provided d:>jeo­

tive neasures, subjective d:>servations by an indepeooent person such as the 

subject's parents should also be taken into a:::count. 'lb quantify these d:>­

servations a number of unbiased q.1estions were tx>sed to be answered on an 

eleven tx>int scale in three categories: physical characteristics: functional 

activities: and psychological factors. After the cxnpletion of the study 

B.S.'s parents and T.D.'s sister were asked to fill out this questionnaire 

canparing their behaviours, abilities, and/or q.Ialities since relaxation 

training began with the period prior to training. 

B.s. demonstrated s:xne improvement in harrl function arXI psycholog­

ical neasures which was s:xnewhat surprising to the experimenters who subjec­

tively did oot perceive any improvement. lbwever, B.S.'s :t;arents did ootice 

slight improvements in her physical characteristics arXI in her ability to 

relax oo oorrmand. Speech evaluations indicated slight improvements in her 

intelligibility but oo substantial gains were made and a gait study showed a 

loss in repeatability of her walking p:lttern. Ole unfortunate firoing was 

B.S.'s :t;arents reported that there was a loss in her self-concept arrl aware­

ness. 'Dlis is oontrary to a major ooncept within a biofeedback p:lradigm, 

that is, an increase in self-awareness (Englehardt, 1978). However, a neg­

ative change was oot entirely unexpected as she was oot interested in atten­

ding to the frontalis EMG feedback arrl relaxation task and was in fact 11Dre 

interested in s:>cial interaction with the male experimenters. 'Dlis lack of 

attention to the training may be the fault of the feedback oot being suffic 
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iently stimulating and IIDtivating for this tarticular subject. Specific 

relaxation strategies that kept B.S.'s concentration or EBM may have ~en 

nore successful. Nevertheless, B.S.'s sxial behavioural :problems certainly 

had ocme bearing on the outcane and since they were oot specifically dealt 

with they may have -posed themselves as negative confounding variables. 

Contrary to B.S., T.D. was described by his sister in a similar 

questionnaire to that answered by B.S.'s parents, as having increased his 

self-concept and maturity. 'lliis response was oot tmexpected for T.D. as re 

denonstrated a keen interest and desire to learn tow to relax and oope with 

his anxieties. Admittedly, this positive dlange could be a placebo effect 

attributed to the oovelty of the situation and the influence of };:ersonal 

conversation and support received fran the experimenters during the course 

of the study regarding his personal anxiety problems. Certainly this pres­

ented itself as a confounding factor but for ethical CXXlcerns could oot have 

been neglected. 

Unfortunately T.D. did rot exhibit any significant fhysical and 

functional improvements 'Nhich were his prime reasons for atteooing the 

study. His greatest improvement was in head control as evaluated in a ~ 

ing exercise but again a confounding factor was present. After each session 

T.D. practised with an optical scanner printing cxmntmication device that 

required fine read control and iOOeed his head oontrol seemed to improve 

considerably with practice. 'lliis may have generalized to typing b.lt l:x:>th 

behaviours were oot identical. At first T.D. was tmable to print any intel­

ligible 'WOrd but by the end of the study re was able to write sentences with 

a very low error rate (awroximately 5%). 'lliis practice with the heed 

scanner was allowed since T.D. was in need of a cxmntmication aid and was 
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oontemplating I,Xlrchasing this unit. Clinical and ethical ooncerns lW tD 

take ~edence over the study. 
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CHAP1'ER v 

a:NCWSICNS 

5. 0 Surnnary of fiooings 

Although oo substantial improvements ~re seen in either B.S.'s or 

T.D. 's functional abilities a great deal was still learned fran this pilot 

study relating to data acquisition arrl processing techniques, assessment 

methods and res:ponse to frontalis EMG feedback alone. With regard to the re­

lative clinical efficacy of frontalis EMG feedback aided relaxation there is 

difficulty in comparing this treatment with others simply because of a lack 

in the availability of objective data based 1..1?00 other forms of treabnent. 

B.S. denonstrated a learning treoo to reduce nean levels of 

frontalis EMG but little ability in oontrolling her nean foreann EMG. 

However, she did exhibit an ability to reduce the variability of her muscle 

activity at all three EMG sites. '!his fiooing is significant in that it 

helps support the hypothesis that variability of muscle activity, as defined 

by the standard deviation about s:rne nean level of EMG, may reflect the 

status of 
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self-regulation. Standard deviations Were strongly oorrelated with their 

means for all nuscles indicating a stable oontrol ratio (mean/standard dev­

iation). As B.s. was ooly IOOderately athetoid it was interesting to a::mpare 

her mean/standard deviation oorrelations with T.D. T.D. was severely spas­

tic and he showed fewer oorrelations between nean IEMG am its standard 

deviation ie. a variable oontrol ratio. Also, T.D. was unable to reduce his 

mean EMG levels. Although further investigations are definitely required, 

it is suggested that the presence or lack of oorrelation between nean arrl 

standard deviation EMG values may be seen as an a:3junct p:irameter in clas­

sifying cerebral palsy. 

Peripheral skin temperature did mt vary with feedback as expec­

ted. Rather than increase, in the case of B.S. the temperature significant­

ly decreased. '!his may be accounted for by the fact that B.S. did mt truly 

relax. Jegardless, the usefulness of peripheral skin temperature as an ac­

curate indicator of relaxation is questionable am the need for further 

testing is recognized. 

'!be use of functional evaluations to assess the effectiveness of 

biofeedback treatment is of prime importance. lbwever, each assessment must 

be relevant to the abilities of the subject and include an evaluation of 

whatever ability the subject "WOUld like to improve. A questionnaire answer­

ed by the subjects' inmediate relatives provides a good but subjective indi­

cation (soft data) of a oonsumer resp:>nse to the treatment. Often treat­

ments produce significant changes but unless they are seen as beneficial by 

the oonsumer the outcane is unsuccessful. Certainly the reliability of 

the response can be questioned, but it is felt that the relatives resp:>nded 
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in a sincere and truthful manner as evidenced by even s:me negative dlanges 

after treatment. 

Although it had been ooped that the clinical impact of this study 

would have been J'IOre successful, the deficiencies in the frontalis EMG 

feedback only treatment have been identified. These deficiencies fiollow: 

(1) There were oo specific strategies oo lx>w to t:elax. Both subjects 

were left on their CMn to manage the best they could using feedback as an 

indicator of their performance. It might be expected that, in crldition to 

feedback, instructions such as hypnosis, ~ressive t:elaxation or autogenic 

suggestions which have been shown to be effective with other {X)Plllations, 

will also have sane beneficial effect with a cerebral palsy p::>pulation. 

'Ihis, b::Jwever, needs to be val ida ted by further study. 

( 2) Controlling the audio feedback terrled to be an cctive task fior the 

two subjects. Instructions on 1x>w to passively relax while using feedback 

as a guide are z:eally necessary since cctive tasks terrl tD increase anxiety 

and IlUSCle tension especially in irrlividuals with cerebral palsy. 

(3) Auditory feedback alone is oot a primary reinforcer arrl s:> is 

highly dependent upon internal J'IOtivation and CDnf>rehension. With B.S. a 

lack of internal J'IOtivation worked as a negative confounding variable while 

having <}X)d J'IOtivation arrl cnupz:ehension in T.D. 's case did oot guarantee 

positive z:esults. Perhaps a J'IOre rewarding and interesting node of feedback 

would have eliminated the negative ex>nfound and influenced the results in a 

more positive manner. 

( 4) Iack of personal interaction during the session produced a 'ex>ld' 

tz:eatment at:m:>sphere that may have had a negative effect. 'Ulis lllfortunate­

ly was necessary to test the efficacy of the feedback. 
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(5) '!he feedback of frontalis PMG is specific to the head cn3 rot 

necessarily indicative of the rest of the body. In fact, response general­

ization theory argues that training increases specificity of response with a 

decrease in other oovarying responses. 'lherefore, frontalis EMG feedback 

may rot be the best approach for general relaxation. 

In crldition to the problems with frontal EMG feedback, cited <r 

bove, it is felt that there 'Nere rot enough training sessions, cn3 the 

training should have been nore intensive, );erhaps everyday. 

Considering the fact that both subjects have been disabled all 

their lives (16 and 19 years) it may have also been unrealistic to ex);ect 

that a lQ-session training progranme \tnll.d have a significant clinical • 

pact. 

~fleeting upon all of the results it would be fair to say that 

frontalis EMG feedback alone was rot clinically effective with the two sub­

jects examined. It is the impression of the experimenters that changes in 

the protocol are necessary in order to have a clinical impact. Ulfortunate­

ly, it is difficult to define exactly at what point improvements becane 

clinically significant. '!here is a lack in the availability of d>jective 

data regarding changes in functional ability with other treatment modalities 

and so there is little to compare frontalis EMG training with. 

5.1 Future considerations 

'!he following suggestions are offered fior consideration in further 

investigations involving EMG-aided relaxation progranmes with subjects hav­

ing cerebral palsy: 
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(1) Employ relaxation instructions/strategies in ex>njunction with 

feedback. R>ssibilities incl\Xie: neditation, hypnosis, progressive 

relaxation, autogenic suggestions, roncentration exercises, and imagery 

techniques. 

(2) utilize interesting and notivating (positive valence) feedback. 

(3) Study a larger number of subjects including a ex>ntrol group with 

nonnal or no therapy. Alternatively, use a larger Ill.I'IDer of subjects en­

playing single-case study methodology with each subject as his own ex>ntrol. 

( 4) Investigate the effects of relaxation and feedback training with 

younger children, perhaps as young as 6 years old. 

( 5) Examine the effects of relaxation training CNer a longer time per­

iod. 'llie time rourse may be deperxlent 1.4X>n improvements cbserved and rould 

be ex>nsidered as an experimental variable. For example, the length of time 

needed to reach a specific level of improvement may be indicative of the 

treatment efficacy. In crldition, the training should be nore intensive, 

perhaps everyday. 

( 6) Develop and refine functional assessment procedures s::> that ef-

fects of training can be more accurately assessed. 

( 7) Continue the use of a CXX~p.Iter aided data acquisition system arx'i 

extend its use to that of an assessment tool by interfacing it with a vari­

ety of measuring devices through which functional abilities can be evalua­

ted. 

(8) Critically examine whether relaxation is a realistic <pal for the 

severely involved cerebral palsy individuals. 
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(9) Experiment with the use of rmiscles other than frontalis as feed­

back muscles. It may be nore beneficial to identify a specific task to im­

prove and use a nuscle that is needed to perfonn this task. 

( 10) Develop nore fully the ooncept of standard deviation as an Wex 

of self-regulation. 



73 

REFERENCES 

Alexander, A. B. .An experimental test of assllllptions relatiRJ to the use of 
electvomyographic biofeedback as a general relaxation training 
technique. Psychophysiology, 1975, 12,656-662. 

Barlow, D.H., Blanchard, E.B., Hayes, S.C. & Epstein, L.H. Single-case 
designs am clinical biofeedback experimentation. Biofeedback and 
Self-Begulation, 1977, 12(3), 221-240. 

Bobath, B. Motor developnent, its effect on general develcpnent am appli­
cation to the treatment of cerebral palsy. Physiotherapy, 1971, 57, 
1-7. 

Englehardt, L. Awareness and relaxation through biofeedback in :public 
schools. Abstract of paper presented at the Biofeedback Society of 
America 9th Annual Meeting, 1978. 

Finley, w.w., Niman, c., Stamley, J., & Errler, P. Frontal EMG biofeedback 
training of athetoid cerebral palsy patients: A report of six cases. 
Biofeedback and Self-Regulation, 1976, 1(2), 169-182. 

Finley, w.w., Niman, c., Stamley, J., & Wansley, R. Electrophysiolo;Jic 
behavior Jrodification of frontal EMG in cerebral palsied chidren. 
Biofeedback and Self-Regulation, 1977, 2(1), 59-80. 

Freedman, R. Generalization of frontalis EMG biofeedback trainiRJ to other 
muscles. Proceedings of the Biofeedback Research Society, 1976, Color­
ado Springs, Colorado. 

Glaus, K.D., & Kotses, H. Generalization of oomitioned nuscle tension: A 
closer look. Psychophysiolcx;y, 1979, 16, 513-519. 

Hersen, M., & Barlow, D.H. Single-case experimental designs: Strategies for 
studying behavior change. New York: Pergnon Press, 1976. 

Jacobson, E. Progressive Relaxation. Chicago: Uliversity of Chicago Press, 
1938. 

Keats, s. Cerebral palsy. Springfield, lllinois: Olarles c. 'nlanas, 1965. 

Landau, W.M. Spasticity: '1he fable of a neurolo:Jical dem:>n arrl the emper­
or's rew therapy. Archives of Neurology, 1949, 12, 197-205. 

Mulholland, T.B. Experiments am oontrol systems: .An analo:Jy. InN. Bir­
baumer & H. D. Kinmel (Eds.), Biofeedback and Self-regulation. Hills­
dale, N.J.: lawrence Erlbaum Associates, 1979. 

Ortega, D.F. Relaxation exercise with cerebral palsied Gdults slx>wing spas­
ticity. Journal of AWlied Behavior Analysis, 1978, 11(4), 447-451. 



Pohl, J.F. Cerebral Palsy. Saint Paul Minnesota: Bruce Publishing, 1950. 

'!he Minnesota Rate of Manipulation Tests Examiner's Manual. Circle Pines, 
Minnesota: American Guidance Service, 1969. 

74 

Trusk, T., & Janke!, w. Baseline response patterns of harrl tan:perature in 
rormal am migraine subjects. Abstract of paper presented at the Bier 
feedback Society of America lOth Annual Meeting, 1979. -

Rood, M.S. Neuroit~ysiological nechanisms utilized in the treatment of neur­
anuscular dysfunction. American Journal of Occupational 'lherapy, 1956, 
10, 22Q-224. 

Shultz, J.H., & Luthe, W. Autogenic therapy, Vol.l, Autogenic methods. New 
York: Grune & Stratton, 1969. 



APPENDIX A-1 

COOSENI' FORM 

75 

Note:- This ronsent form was signed by the :parents of B.S. arrl by T.D himself 
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CXNSENT FORM - BIOF~CK STUDY 

I agree to allow It¥ son/daughter _________ (name) to 

participate in a study relating to the use of Jt¥oelectric (EMG) biofeedback for 

purposes of obtaining general body relaxation. I realize that this will involve 

his/her attending 17 sessions of 30 - 40 minutes duration, during which time 

physiological measures will be taken. Forehead and forearm muscle activity and 

skin temperature from the great toe of the right foot will be recorded through 

the use of sensors attached to the skin surface by tape. Heart rate will be 

measured with a thimble-like device which will be attached to a toe, and 

respiration will be monitored using a sensor positioned close to the nostrils. I 

also agree to allow It¥ son/daughter to be assessed ~ a physiotherapist before 

and after the study. 

I have been informed that all information obtained ~ the investigators 

shall remain private and confidential, and that any publication or presentation 

arising out of this 'WOrk will be designed in such a way as to insure anonymity. 

I have been informed that there are no physical risks or significant 

disoomforts involved in the procedures to be undertaken, and also that there is 

no guarantee of benefits to ll!i son/daughter to be derived by participating in the 

study. 

Notwithstanding all of the above, I understand that I may withdraw this 

consent and agreement at any time. 

Date: 

Parent or Guardian: 

Witness 
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Note:- This questionnaire was OO<lressed to the parents of B.S. arrl the sister 

of T.D. 
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Dear 

We would like you to take a few minutes of your time to assist us in 
an evaluation of possible positive or negative effects of relaxation training. 
It is important that you respond to all applicable items as accurately as poss­
ible, for your answers will help us to determine the effectiveness of relaxation 
training as a treatment approach with cerebral palsy, and the direction of fu­
ture biofeedback research at the OCCC. All information obtained will be used 
for research purposes only and complete confidentiality will be maintained. 

Please rate in each of the following areas, 
comparing his/her behaviour, abilities, and/or qualities since relaxation train-
ing began ( ), with the period prior to training. Circle the 
point on each line that best indicates the degree of change which may have oc­
curred. In each case, the mid-point represents no change and points on either 
side represent varying degrees of change in each possible direction. That is, 
points near the mid-point represent relatively small changes, whereas points at 
the end of each line represent a large amount of change. 

If some items are not applicable, just omit them and write N/A beside 
the appropriate line. If you have any questions, please do not hesitate to con­
tact me at 425-6220, ext. 369. Please return the completed questionnaire to me, 
care of The Rehabilitation Engineering Department, Ontario Crippled Children's 
Centre, 350 Rumsey Road, Toronto, M4G 1R8. Thank you for your assistance. 

Yours truly, 



1. 

I PHYSICAL CHARACTERISTICS 

1. Muscle tone (degree of muscle tightness or tension) 

l 
increased no 

change 

2. Motor control (coordination) 

L 
improved no 

change 

3. Reflex activity (e.g. bite reflex, involuntary spasms) 

L 
increased 

4. Ability to relax on command 

improved 

no 
change 

no 
change 

5. Number of repositionings in seat that are required 

more 

6. Positioning in chair 

L 
easier 

no 
change 

no 
change 

decreased 

regressed 

decreased 

regressed 

less 

more 
difficult 
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2. 

7. Physical skills (e.g. pointing, grasp and release) 

L 
lost no 

change 
gained 

8. Sleep pattern (e.g. number of awakenings, amount of time to fall asleep) 

L 
better 

9. Breathing pattern 

L 
improved 

10. Drooling 

increased 

11. Vocalizations (sounds 

L 
more 

II. FUNCTIONAL ACTIVITIES 

or 

no 
change 

no 
change 

no 
change 

speech) 

no 
change 

1. Feeding (e.g. chewing, swallowing, handling utensils) 

more 
difficult 

no 
change 

worse 

regressed 

decreased 

less 

easier 
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3. 

2. Dressing (whether done independently or by others) 

more 
managable 

no 
change 

3. Communication (e.g. use of symbols, writing, typing) 

more no 
coordinated change 

4. Quality of speech 

L 
less no 

comprehensible change 

less 
managable 

less 
coordinated 

more 
comprehensible 

5. Independent mobility (e.g • wheelchair driving, crawling, turning over) 

improved no 
change 

regressed 

6. Transfers (e.g. from bed to wheelchair, chair to bathtub) 

easier no more 
change difficult 

7. Gait (walking) 

L 
improved no regressed 

change 
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4. 

III. PSYCHOSOCIAL FACTORS 

1. General anxiety level (e.g. nervousness, fear, apprehension) 

increased no 
change 

2. Ability to cope with frustration/stress 

L 
regressed 

3. General contentment 

L 
more 

4. Maturity 

more 

5. Adapts to new situations 

more 
readily 

no 
change 

no 
change 

no 
change 

no 
change 

6. Self-concept (e.g. self-image, self-confidence) 

more 
negative 

no 
change 

decreased 

improved 

less 

less 

less 
readily 

more 
positive 
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7. Awareness and alertness 

increased 

8. Motivation/initiative 

decreased 

no 
change 

no 
change 

5. 

9. Irritability (crankiness, touchiness) 

decreased no 
change 

decreased 

increased 

increased 

10. Participates in social situations (e.g. classroom, family, friends) 

a) ~I --~--~~--~--~---r--~----~--~--~--~ 
more 

often 
no 

change 
less 

often 

b) ~I --~--~--~--~---+--~--~--~--~--~ 
with less 

ease 

11. Patience 

decreased 

no 
change 

no 
change 

with more 
ease 

increased 

83 



84 

6. 

IV. MEDICATION 

Has there been any change in medication intake? Yes No 

If yes, please try to specify both the drug and whether intake was increased 
or decreased. 

Type of Medication Increased Decreased 

1. 

2. 

3. 

V. COMMENTS 

Please add your own comments relating to other areas of possible change or 
regarding the use of relaxation training in general. 
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APPENDIX A-3 

DhTA ACQUISITIOO SOFIWARE 
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1 RFM ~~t RFLAX/PRGM/OLDAD51 ******************************************* 
2 GOSIJ'R 100 
3 WAIT 
4 GOSUB 440 
5 SFT KEY 
6 WAIT 
8 REM *** DATA ACQUISITION *** 
9 GOSU'R 1-.30 
10 SET KEY 
11 WAIT 
12 RFM RETURN TO DATA ACQUISITION 
13 K1=K-1 
14 GOSUB 720 
15 WAIT 
16 RFM *** DATA STORAGF *** 
1. 7 GOSUR 1 ?30 
18 SET KEY 
:19 WATT 
20 RFM DATA F\'FTRTEVAl. FROM TAPE 
21 GORII'R 14?0 
~1 2 SET KFY 
23 WAIT 
24 RFM FMG GRAPH 
/5 GOSI.IR :l::i:?O 
26 SET KEY 
27 WAIT 
28 REM TEMPFRATURE GRAPH 
29 GOSl.IB 2760 
~0 SFT KF.:Y 
31 WAIT 
32 GOSI.JB 3420 
33 SET KEY 
34 WAIT 
36 PAGF 
37 FND 
100 INIT 
11.0 PAGE 
l20 PRHJl " 
130 PRINT I 

:14 0 p F\' HJT I • 

150 PRINT "UDK-1.! 
160 PRINT I 

170 PRINT I 

180 PRJNT I 

190 PRTNT II 

200 PRINT "UDK-2: 
210 PRTNT •• 
220 PRINT "UDK-3! 
230 PRINT • 
240 PRTNT •• 
250 PRTNT "UDK-4: 

BTOFEFDRACK REI.AXATJON STUDY" 

****************************" 
STARTS SESSION - INPUT S~Al.E FA~TORS NOTING THAT" 
( • l ' • 3 ) ' ( l ' 3 ) , ( l 0 , 3 0 ) A F\~ E F ntii u A L E N T AN D 0 N L y I 

.1•1,10,100 ARE TO BE TYPED" 
- INPUT BASELINE AND SESSION PERIODS" 

DATA ACQUISITION BEGINS WHEN THIS KEY DEPRESSED" 

IF DATA ACQUISITION INTERRUPTEit, THIS WILL RFTIIRN TO" 
TO fiATA AC:QUTSITTON MODE" 

STORES DATA ON TAPE - MUSCLE NAMES, TEMP. SEN~OR" 
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260 PRINT I 

270 PRINT I 

280 PRJ • 
290 PRINT II 

LOCATION, FILE CODE <SUBJECT'S INITIALS, SI DATEr" 
FG. AAR00225), ANTI FH.F NUMRFR CFG. 8), NOTING THAT" 

THE NUMBER MUST DE 1 GREATER THAN THE LAST FILE NUMBER" 

300 PRINT • UDK-5: RECOVERS DATA FROM TAPE - INPUT F TL E NIIMRFR • 
310 PRINT I I 

320 PRINT "UDK-6! GRAPHS EMG DATA FOR UNITS A,B,C" 
330 PRINT II 

340 PRINT "UDK-7: GRAPHS TEMP DATA FOR UNIT D" 
350 PRINT •• 
360 PRINT "UDK-8! LISTS SESSION DATA WITH CORRESPONDING FILE CODE" 
370 PIHNT I I 

380 PRINT "UDK-9! ENDS PROGRAM" 
390 PRINT •• 
400 PRINT I I 

410 PRINT"*** BEGIN BY DEPRESSING IIDK-1 ***" 
4?0 SE"T KF'Y 
430 F\'FTI.JF\'N 
440 PAGE 
450 PRINT "FNTFR SCALF FACTORS (.1,1•10,100)!" 
4f.O PR TNT I FMG liN IT A! I ; 

470 TNPIIT S1 
480 81.=30/81 
490 PF\'INT "EMG UNIT B:•; 
500 INPUT S2 
510 S2=30/S2 
520 PRINT "EMG UNIT c:•; 
530 JNPUT S3 
540 S3=30/S3 
550 84=7.8 
51>0 PRHH "RASFI TNF PERIOD <MINUTFS): I; 
570 TNPIIT Tl 
580 PRINT "FEEDBACK SESSION PERIOD:•; 
590 INPUT T2 
600 T=T1.+T2 
61.0 SF'T KEY 
620 F\'ET UF\'N 
630 PAGE 
6 4 0 p R I NT us I N G 6 50 : I T I M F •• I F M G ·-A I , I F M G- R I ' I F M G- r, I •• TEMp • 
650 TMAGf 4A,9X,5A• 9Xr5A, 9X•5Ar 9Xr4A 
A..SO R$="MFAN SD" 
670 PRINT USING 680!"MIN."rR$rB$,B$,B$ 
680 IMAGE 4At5Xt4Cl1At3X> 
690 A=O 
700 T=T1+T2 
71.0 K1=1 
720 FOR K=K1 TO T 
730 DEl F.TE A 
740 DIM AC240)oB1C60l•R2C60>,B3C60)rB4C60l 
750 DIM Y1CT,2),Y2CT,2>•Y3CTo2),Y4CT,2) 
760 PRINT @16r32!"14020" 



770 INPUT @16,32:A 
780 I=l 
790 FOR J=1 TO 240 STFP 4 
800 Bl<I>=ACJ)/Sl 
810 B2<I>=A<Jt3)/S2 
820 B3CI>=A<Jt2)/S3 
830 B4CI)=ACJttJ/S4 
840 I=Tt1 
850 NF.XT J 
860 C5=SUM ( B 1 ) 
870 C6:::SIJM<B2> 
880 C7=SUM<B3> 
890 C8=SUNCB4) 
900 B1.==B1~2 

910 B?=R?~'? 

920 B3=R3~;> 
930 B4=B4~2 
940 Cl=SUM<Bl) 
950 C2=SIJMCB2l 
960 C:-zi=SUM ( FL3) 
970 f':4=SIIM(.'84l 
980 Y1<K·2l=SQRCCAOiCl-C5~2)/3540) 
990 Y2<K•2>=SQRCC60iC2-C6~2)/3~40) 
1000 Y3CK,2>=SQRCC60iC3-C7-?)/3~40) 
1010 Y4(K,?>=SQRCCAOiC4-CR~2J/3~40) 
:1.020 Yl CKd )=C5160 
1030 Y?<K•1 >=C6/60 
1040 Y3CK,1)=C7/60 
1050 Y4<K•1 ):::C8/60 
1.060 A1=Y1CK.t) 
1070 A2=Y1 CKo2) 
1080 A3=Y?CKd) 
1090 A4=Y?(J(,;:>) 
11.00 A~i=Y3CK,:f.) 

1110 A6=Y3CK,2) 
1120 A7=Y4CKd) 
1130 A8:::Y4CK,2) 
1.140 PRINT USING 1150!K•Al,A2,A3,A4,A5,A6,A7,A8 
1150 IMAGE ?n,4X.4C3Xo?n.to,3X,2D.10) 
:1160 IF K=T1 THFN l:IRO 
1170 GO TO 1190 
1180 PRJNT "GGGGGGGGGGGGG" 
1190 NFXT K 
1200 PRINT "*** DATA ACQUISITION COMPLETE ***" 
1210 PRINT "GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG" 
1220 RETURN 
1230 PAGE 
1240 PRINT "*** DATA STORAGE ***" 
1250 PRINT "ENTER FILE COnE:•; 
1260 INPUT F$ 
1270 PF\'INT 'ENTER MUSCLE NAMES -• 
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1280 PRINT "UNIT A:•; 
1290 INPUT M$ 
1300 PRINT "UNIT B:•; 
1310 INPUT N$ 
1320 PRINT "UNIT c:•; 
1330 INPUT OS 
1340 PRINT "TEMPERATURE SENSOR LOCATION:•; 
1350 INPUT P$ 
1360 PRINT "ENTER FILE NUMBER:•; 
1370 INPUT X 
1380 FIND X 
1390 WRITE ~3~!F$~M$,N$,OS,P$,T1,T?,T,Y1,Y2,Y3,Y4 

1400 PRINT "*** DATA STORED ON TAPE ***" 
1.41.0 RETURN 
14?0 PAGE 
1430 PRINT "*** DATA RETRIEVAL FROM TAPE ***" 
1440 PRINT "WHAT JS FTI.F NUMRFR?:"; 
:1450 INPUT X 
1.460 FIND X 
1470 READ @33:F$,M$,N$,O$,p$,T1,T2,T 
1480 DIM Y1CT~2>•Y2CTr2),Y3CT,2),y4CT•2) 

1490 READ @33!Yt,Y?~Y3•Y4 

1500 PRINT "*** DATA RETRIEVED ***" 
:1510 RETURN 
1520 PAGE 
1.530 DIM D1CT>•D2CT),D3(T),[I4(T) 
1540 PRINT "*** EMG ARAPHIC DISPLAY ***" 
1550 PRINT "WHICH UNIT IS TO BE GRAPHED?:•; 
1560 INPUT 1.1$ 
1570 IF IJS:::"A" THEN 1760 
15RO JF U$="B" THEN 1680 
1.590 US="C" 
1600 Z$=0$ 
1610 FOR K=1 TO T 
1620 n1CK>=Y3CK,1) 
1630 D2CtO=Dl (KHY3CK,2) 
1640 D3CK>=DtCK)-Y3CK,2> 
1.650 D4CK)=Y3CK,2) 
1660 NFXT K 
1.670 Gn Tn 1830 
:1680 7$•"N$ 
lA90 FOR K=1 TO T 
1700 DlCK)=Y?<K•l) 
17:10 D2CK)=D:I CK>tY?CK•2) 
1.720 D3CK)=D1CK>-Y2CK,?) 
1.730 D4CK)=Y2CK,2) 
1740 NFXT K 
1750 GO TO 1830 
1760 Z$=M$ 
1770 FOR K=1 TO T 
1780 D1CK)=Y1CK,1> 
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1790 D2<K>=Dl<K>+Y1CK,2) 
1800 D~<K>=D1CK)-Yl(K,2) 
1810 D4<K>=Y1CK,2l 
18?0 NEXT K 
:1.830 PAGE 
1840 N=T-1. 
1 850 H=D 1 C 1 > 
:1.860 FOR t=? TO N 
1870 IF (11. < I+1 >=>H THEN 1890 
1880 GO TO 1900 
1.890 H=f.ll(Jf1) 
1900 NEXT I 
1910 H=INT<Ht3.5l 
1920 WINDOW o,r,o,H 
1930 VJFWPORT 10,120,10•90 
1940 AXlS :J.,<L5 
1.950 MOUF 1,D]C1l 
1960 FnR I=? TO Tl 
1 970 fiRAIJ T, Tl1 C T) 
1980 NFX'T I 
1990 MOVE T1+1.(11 CTltl l 
?000 T~=Tit2 
2010 FOR J=T3 TO T 
2020 nr..·Al4 I, Dl (I l 
2030 NEXT I 
?040 FOR K=1 TO T 
2 0 50 L = K - T :t 0 • 0 0 !"; 
2060 M=D2CK)-H:f::0.015 
2070 MOUE L.,M 
2080 Pf\' I NT I ••• 

2090 MOUE K•D2CK) 
2100 DRAW K·D3(K) 
2110 Q=D3CK>-H:t0.015 
? 1 20 MOIJE I. d~ 
2130 PIHNT "-·" 
2140 NFXT K 
2:1.50 K=H/15 
2160 MOVE Ttto.s,o 
2:1.70 FOF\' J=1 TO :1.5 
2180 F\'MOVE O,K 
:;1190 PRINT "*" 
2200 NEXT J 
2210 WINDOW 0•130,0,100 
?220 VTEWPORT 0•130•0•100 
2230 MOVE 52•4 
2240 PRINT "TIME <MINUTES)" 
2?50 MOllE 117, 6 
?260 F'IH NT T 
2270 MOVE 0•50 
2280 PRINT "IEMG" 
2290 MOVE 0,40 
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2300 PRINT "uV" 
2310 GOSUB 2330 
2320 RETIJRN 
2330 MOVE 2,99 
2340 PRINT USING 2350:H 
2350 IMAGE 2f.I.1D 
2360 MOVF 21.,90 
2370 PRINT 'RASELINE" 
2380 110VF 74,90 
2390 PRINT 'FB SESSION" 
2400 MOVE 95,98 
241.0 PRINT F$ 
2420 MOVE 95, 9~i 
2430 PRINT "FILE t• 
2440 MOVE 1.06·95 
2450 F'F\'TNT X 
?460 MOIJE' 95,9? 
2470 PE'INT "UNIT" 
2480 MOIJE 1. O!"i, 9 2 
2490 PRINT U$ 
2500 MOVE 50, 9!:) 
2510 PRINT 7$ 
2520 ~ 1 =f! 1 ( 1 ) 
2530 S2:::D4(1) 
2540 FOR J=2 TO T1 
2550 S1.::S1+Dt<~J) 

2560 S2=S2HI4 ( J) 

2570 NFXT J 
2580 R1.=S1/T1 
2:.i90 R:?=S2/T 1 
2600 K=L?+2 
261.0 S3:::[11.<T?f1) 
2620 S4=D4 C T~;+ 1 'l 

2630 FOR J=K TO T 
2640 s:~=s.-HDl < J) 

2650 S4=S4+114 ( J) 
?660 NEXT J 
26 70 R3=S3 I T1. 
2680 F\'4=84/T :1 

2690 R=F\'3 /R l 
2700 S=R4/R2 
2710 M0~1 E 10,98 
2720 PRINT USING 2730:"R='•R,•s=•,s 
2730 TMAAE :.?A,2D.3D,5X,2A•2D.3D 
2740 MOVE o,o 
2750 RFTUF\'N 
2760 PAGF 
2770 DIM D1CT>,D2<TloD3(T) 
2780 RFM *** TEMPFRATUF\'E GRAPHIC DISPLAY *** 
2790 FOR K=1 TO T 
2800 D1CK>=Y4(K,1> 
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2810 D2<K>=DlCK)fY4(K,2) 
2820 D3CK>=Dl(K)-Y4(K,2) 
?R30 [14(K>=Y4(K,2) 
2840 NEXT K 
?8!50 N=T-1 
?AAO H=D1.C1> 
2870 L=D1 < l > 
28RO FOR J=2 TO N 
2890 IF [11 < I+1 )=>H THFN 2910 
2900 GO TO ?9:?0 
2910 H=rt1 ( I+1) 
2920 IF ftt ( J+l l<=l THEN 2940 
2930 GO TO ?9~i0 

2940 L =fll < T+l > 
?9!'50 NFXT I 
2960 H=INTCHt1.5) 
2970 L=TNTCL-1.5) 
2980 WINDOW o,T,L,H 
2990 VIEWPORT 10•120,10,90 
3000 AXIS 1,,0.5 
3010 MOVE 1,D1C1J 
3020 FOR I=2 TO T1 
3030 DRAW l•DlCil 
3040 NFXT I 
3050 MOVE T1t1,D1CT1t1) 
3060 T3=T1 +2 
3070 FOR J=T3 TO T 
3080 DRAW I•DlCI) 
3090 NEXT 1 
3100 FOR K=l TO T 
311.0 N=K-T:KO.OO~i 
31:?0 M=fi?.CK)-(1-1-1. >»:0.015 
3130 MOl.'F NoM 
3140 PRINT •-• 
3150 MOVE K·D2CK) 
3160 DRAW K.D3CK) 
3170 Q=D3CK)-(H-L>:K0.015 
3180 MOVE N•Q 
3190 PRINT •-• 
3200 NEXT K 
:~210 K=CH-LJ/15 
3220 MOUE T1t0.5•L 
3230 FOR J=1 TO 15 
3240 RMOVF o,K 

3250 F'RINT '*' 
3260 NEXT J 
3270 WINDOW o,130,0,100 
32RO VIEWPORT 0,130,0•100 
3290 MOUF 52•4 
3300 PRINT "TIME CMINUTES>" 
331.0 MOVE 117•6 
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3320 PRINT T 
3:330 MOVE o,so 
3340 PRINT "TEMP." 
33~0 MOVE 2•10 
3360 PRINT USING 3370!L 
3 3 7 0 I MAG F 2 [I • Ht 
3380 U$=·rr· 
3390 Z$=P$ 
3400 GOSUB 2330 
34:10 RFTURN 
34?0 PAGE 
3430 REM *** DATA TABLE *** 
3440 PRINT USING 3450!"TIME","FMG-A"•"FMG-B","EMG-~·,•TFMP" 
3450 IMAGE 4A~9XY~A~9Xt5A,9X,5A,9Xt4A 

3460 B$="MEAN srr• 
3470 PRTNT IISJNG 34RO!"MJN.",B$,B$,B$,B$ 
3480 IMAGE 4A·5X,4(11A,3X) 
3490 FOR K~l TO T 
3500 Al=Yl<Kd) 
3510 A2~Y1<Kt2) 
3520 A3=Y2<K•1.) 
3530 A4=Y2(K,2) 
3540 A5=Y3(K,1) 
3!'i~O A6~Y3<K•2) 

3560 A7=Y4(K,:J.) 
3570 A8~Y4CK,2) 
35RO PRINT USTNG 3590!K,A:J.,A?,A3,A4,A5,A6,A7,A8 
3590 TMAGF 2D·4X•4C3X·2D.:JD,3Xt?D.10) 
3600 NFXT K 
3.-'.:1 0 PRINT • I 

3620 PRINT F$ 
3630 RETIJRN 
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APPENDIX A-4 

J:li\TA MANAGEMENT SOFlWARE 
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l REM*** RFLAX/PRGM/STATS/STUTIY1.AR51 ********************************* 
? GO TO 100 
4 REM *** UDK-t; PROCESSED DATA TARLE *** 
5 GOSUF.t 7.470 
8 RF.M *** lJTIK-:;>; CONTINUE NEXT PAGE OF DATA *** 
9 GO TO 2600 
l.O SF.T KEY 
l.l WAIT 
12 REM *** UDK-3; DISPLAY CORRELATIONS - FIRST FILE *** 
13 GOSIIB ?.-'.20 
14 SFT KEY 
15 WAIT 
16 RFM *** UDK-4; DISPLAY NEXT CORRELATIONS FROM NFXT FILE *** 
1.7 GOSUFt 3080 
18 FND 
100 PAC1F 
1.10 INT.T 
120 PRINT • BIOFEEDBACK STATISTICS" 
130 PRTNT • **********************" 
140 PRINT •• 
150 nrM W(30> 
160 PRINT "HOW MANY FILES TO BE EXAMINED?•; 
]70 JNF'l.IT Cl 
180 DIM D1(8,C1),D2C8,C1),D3C8,C1),D4(8,C1),D5(8,Cl.),D6C8~C1) 

190 DIM Bt(8•rl.>,B2C8,C1 ),B3C8,C1),R4C8·Cl) 
?00 PRINT •• 
210 filM Z1CC1),Z2CC1>,Z3CC1>•Z4CC1) 
??0 Pf-\'TNT "WHAT Afi.'F FTI E NUMHFRS AND TIME PFRIOfiS TO RF EXAMJNFD?" 
?30 PRINT • • 
240 PRINT • examPle 1 1 10 ]6 25" 
?50 PRINT • filet BS FBS" 
'260 PRINT •• 
270 FOR J=l TO Cl 
280 PRINT • • , • ( • ; J; • ) • ; 
?90 INPIIT W(.l) •71 (.1) •Z?( J) •73( . ..1) ,z4CJ) 
300 NEXT ~' 
310 FOR C=l TO Cl 
320 REM *** READ DATA FROM TAPE *** 
330 FIND I..UC) 
340 READ @33!FS,M$,N$,O$,P$,Tl.,T2•T 
350 DTM Y1CT•?),Y2CT,2>,Y3CT•2>,Y4(T,2> 
360 READ @33:Yl,Y2,Y3,Y4 
370 PAGE 
380 MOVF 0•50 
390 PRINT • ***DATA RETRJEVFD FROM FilF •;wee>;• ***" 
400 PRINT • PROCESSING IN PROGRFSS" 
4l.O DIM ACT,8) 
420 Fnfi.· K=l TO T 
430 ACK•l>=YtCK,]) 
440 ACK·?>=YlCK•?> 
450 A<K·3>=Y2CK,1) 



460 A(K,4)=Y2<K•2) 
470 A<K,5>~Y3(K,1) 
480 A(K,6>=Y3<K•2> 
490 A<K,7)=Y4<K•1) 
500 A<K•8>=Y4CK•2) 
510 NFXT K 
5:1.1 REM B:I=SUM<~·~> BL 
512 RFM B?=SUM<x*2) BL 
513 REM B3=SUM<x> FB 
514 REM B4=SUM<x*2) FB 
520 Bt~o 
530 B?=O 
540 B3=0 
550 B4=0 
!"i60 FOF.' T=1 TO 8 
570 FnR K=71(C) TO Z2CC) 
580 B1<I,C>=B1(I,C>+A<K•I> 
590 R2CJ,C)=R?CJ·C>+A<K,I>~2 
600 NEXT K 
610 FOR J=73CC) TO 74CC) 
620 B3(J,f;);;:fl;l;CT,C>+A<J•I> 
~30 R4CT,C>=B4(T•C>+A<J•I>~2 

640 NFXT J 
~50 NFXT I 
660 RFM T3= LENGTH OF BASELINE PORTION EXAMINED 
670 REM T4= LENGTH OF FEEDBACK PORTION EXAMINED 
680 T3=Z2<C>-Z1<C>+1 
690 T4=74<C>-Z3<C>+1 
700 REM Dt= AVERAGE VALUE OF BASELINE 

RFM D?= AIJFF.'Af.lE VALUE OF FFETIBACK 
Fi'EM D3= ABSOLUTE DIFFEFi'FNr.E BETWFFN AVERAfiF 
RFM D4= % DTFFFRFNr.F RETWFfN AVERAf.lE VALUFS 
RFM D5~ STANDARD DEVIATION OF BL VALUES 
REM DA= STANDARD DFVIATION OF FB VALUES 
FOFi' I=l TO 8 
D:l <I·f.>=B:I <I•C>IT3 
TI2CJ,Cl=B3<I•C)/T4 
D3CJ,C>=D2CJ,C>-D1<I•C> 
D4CI,c>~<D2(I,C)/[11(I,C>-1>*100 

X1=TJ*B?CI,C>-Bl(I,C>~2 

X2=T4*B4CJ,C>-B3CJ,C)~2 

D5CI,C>=SQRCX1/CT3*CT3-1))) 
D6(J,C>=SQRCX2/CT4*<T4-1>>> 
NEXT I 
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VAl IIFS nF FR & RL 
OF FB & RL 

710 
720 
73<) 
740 
750 
7AO 
770 
780 
790 
800 
810 
P.20 
830 
840 
850 
860 
870 
880 
890 
900 
910 

RFM **************** BASELINE SESSION ****************************** 
REM 
Fi'EM 
REM 
DIM 
DHt 

920 DTM 

E•F= SUMC!-:~) 

G,H= CSIJM(xy) - SUM<x>SUM(y)/Nl/(N-1> = S~y 
r, ,.1= s:·~YIS:<SY = R>!Y 

E1<Cl),E2<C1>,E3<C1),E4<C1),E5<C1),£6(C1),F7<C1),E8<C:I),f9(C1) 
EO<C1>,F1<C1),F2CC1>•F3(Cl),F4(Cl>•F5CC1>•F6CC1 ),A1CC1>,G2<C1> 
G3<C1>,G4<C1>,G5<C1),G6(C1),G7(Ct>,G8<C1>·R9<C1>•GOCC1>,H1<C1) 
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9 3 0 fl T M H ? C C 1 ) , H ,H C 1 > , H 4 < C 1 ) ' H 5 < C J > , H6 ( C 1 ) ' Il < C 1 > , I 2 ( C 1 ) ' I ~ < C 1 > ' I 4 c C 1 > 
940 DlM I5CC1),I6CC1),I7CC1),I8CC1),T9CC1),IO<Cl),Jl(C1>•J?<C1>•J~<C1> 

9 50 D T M .J4 C C :1 ) , • I~ ( C 1 ) , J 6 < C 1 ) 
960 Fl=O 
970 E2=0 
980 E3=0 
990 F4=0 
1. 000 F~i=O 

1.010 Ff.=O 
1020 E7=0 
1.030 EA=O 
1.040 E9=0 
1050 FO=O 
l.Of-.0 F1.:.::0 
1070 F2=0 
1080 F~==O 

1090 F4.:::0 
1.100 F5::::0 
:1110 Ff.o=O 
1.120 FOR K=71CC) TO Z2CC) 
11~0 Et cC>==F:I CC>tACK• l )lkA<K•3) 
1140 f?CC)=E2CC)tA(K,1>*A(K,5) 
1150 F~CCl=F3CCltACK•l l*A<K•7> 
1160 E4<C>=E4CC)tACK,3>*A<K,~) 
1170 E5<C>=F5<C>tA(K,3>*ACK,7) 
1180 E6CC>=E6CC>tA(K,5l*A<K,7) 
1190 E7CC>=E7CC)tA(K,1>*A<K•2) 
:1200 F8<C>=E8CC)tACK,3l*A<K,4) 
12:10 F9(C)=f9CC>+ACK•5>*A<K,6) 
12?0 FOCC)=EOCC>tACK.7l*A(K,8l 
1230 F1CC)=F:ICC>+ACK·2>*ACK,4l 
:1240 F2CC)=F2CC)+A(K,2>*A<K•6) 
1250 F3CC>=F3CC)tACK•2>*ACK,8) 
1260 F4(Cl=F4CCJ+A(K,4>*A<K•6) 
:1270 F5CC)=F5CC)tACK,4>*ACK,8) 
1280 F6CCl=FACC)tACK,6>*ACK,8l 
1.290 NFXT K 
1300 REM *************************************************************** 
1310 G1CC)=(F1cC>-R1C:I,C)*R1C3,C>IT3)/CT3-1) 
:1320 G2CC>=<E2CCJ-B1(1,C>*B1(5,C>/13l/(T3-1) 
:1330 G3CC>=CE3CC)-B:I<l,C)*B1C7.C)/T3)/(T3-1> 
1340 G4CC>=CE4CC)-B1C3,C>*B1(5,C>IT3)/(T3-1) 
1350 G5CC>=<E5<C>-B1C3,C>*Rlr7,C>IT3>/CT3-l) 
1360 GACC)=CE6CC)-Bl.C5,C>*B1(7,C)/T3)/(T3-1> 
1~70 G7CC>=CE7CC>-·Bl<1,C>*B1C2,C>IT3>1CT3-1) 
1380 G8<C>=<EBCC>-Btc3,C>*B1(4,C>IT3>/CT3-1> 
1390 G9(C)=CE9CC>-R1<5•C>*R1C6,C>IT~>/CT3-1) 
1400 AOCC>=<EOCC)-B1(7,C>*B1(R,C>IT3)/(T3-l) 
1410 H1CC)=CF1CC>-Rl<2•C>*B1C4,C)/T3)/CT3-1> 
1420 H2CC)=CF2CC>-Bl(2,C>*B1(6,C)/T3)/(T3-1) 
1410 H3CC>=CF3<C>-BlC2,C>*B1C8,C)/T3)/CT3-1) 



1440 H4CC)=CF4CC>-R1(4,C>*R1C6,C)/T3)/CT3~1) 
1450 H3C~>~CF5CC)-R1<4•C>*R1C8,C)/T3)/CT3-1) 
1460 H6CC>=CF6CC>-B1(6,C>*B1C8,C)/T3)/CT3-1) 
1470 I1C~)=G1CC)/CD5<1•C>*D5C3,C)) 
1480 T2CC>=G2<C>ICD5C1,C>*D5<5•C>> 
1490 T3CC>=G3CC)/CD5C1,C>*D5C7•C)) 
1500 T4CC>=G4CC>ICD5CJ,C>*D5C5·C>) 
15:10 T5CC>=G5CC>/CD5C3•C>*n5C7oC)) 
1520 I6CC>=G6CC)/Cn5C5oC>*D~C7,C>> 
1530 I7CC>=G7CC)/CD5Ct,C>*D5C2,C)) 
1540 J8<C>=G8CC)/(D5C3,C>*D5(4,C>> 
:15~0 I9CC>=G9CC>ICD5<5•C>*n5C6oC)) 
1560 IOCC>~GOCC)/CD5C7oC>*D5(8,C>> 
1570 ,11 CC>=H:I CC)/CD5C2,C>*D5C4•C>) 
15RO J2CC)=H2CC)/(D5C2•C>*D5(6,C>> 
1590 .J1C~)=H3CC)/([15(2,C>*D5<8•C)) 
1600 J4CC>=H4CC)/CD5<4•C>*D5C6oC)) 
:1 610 .l!"i (C) =H!"i C C) I C [15 C 4 • C > *n5 C R • C) > 
1620 J6CC>=H6CC)/CD5(6,C>*D5(8,C)) 
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1630 REM **************** FEEDBACK SESSION ***************************** 
1640 ::\:F.M K•L= SI.IMCw'::l) 
1650 REM M.N~ CSUM<xy) - SUMCx>SUM(y)/N)/(N-1> = Sxy 
1660 RFM Q,P= SxY/SxSy = RxY 
1670 DIM K1CC1>•K2CC1),K3CC1),K4CC1>,K5CC1),K6CC:I ),K7CCl>•K8CC1>•K9<C1> 
1680 DIM K9CC1) ,KOCC:I) ,1 1. (C1 > •L:?.CGt) •I 3CC1) •L4CC1) ,J5Ct-:t) •LACC1 > ,M] CC1) 
1690 DIM M2CC]),H3CC1)oM4CC1>•M5CC1),M6CC1),M7<C1),MRCC1),H9CC1),MO<C1) 
1700 DIM N1CC1>oN?CCt),N3CC1),N4CCt),N5CCt),N6CC1),01CC1 ),02CCt),03CC1) 
1710 DIM 04CC1>•05CC1),Q6CC1>•07CC1),08CC1),Q9(C1),00CC1)•P1CC1)•P2CC1 > 
1720 niM P3CC1),P4CC1 ),P5CC1),P6CC1) 
1730 Kt::::O 
1740 1<2=0 
1750 K3=0 
1760 K4~0 
:1.770 K5:;;;0 
17RO l(f.,=O 
:1 790 K7::::0 
1800 K8=0 
l.810 1<9::;:0 
1820 f<, 0==0 
:1. 83CJ I. l ::;;() 
1840 L2:::0 
18~0 l3=0 
18<'>0 L4=0 
1870 l.~i=O 

1880 Lf.>=O 
1890 FOR K=73CC) TO 74CC) 
1900 K:l CC):.::Kl <C>+A(J<, 1 >*ACK,J) 
1910 K2CC>=K2CC)+A<K•1>*A(K,5) 
1920 K3CC>=K3<C>+~CI(,1)*A<K,7) 
1930 K4<C>=K4<C>+A<K,3>*ACK,5) 
1940 K5<C>=K5CC)fA(K,3>*A<K•7> 



1950 K6<C>=K6CC>+ACK,5>*ACKr7) 
1960 K7CC>=K7CC>+ACK,1>*ACK,2) 
1970 KB<C>=KB<C>+ACK,3>*A<K,4) 
1980 K9CC>=K9CC>+ACK,5>*ACK,6) 
1990 KOCC>=KO<C>+ACK,7>*A<K,B> 
2000 LlCC)=I 1CC>+ACK,2>*A<K,4) 
2010 L2<C>=L2CC)+A(K,2>*A<K,6> 
2020 l3CC>=L3CC>+ACK,2>*A<K,8> 
2030 L4<C>=L4<C>+ACKr4)*A<Kr6) 
2040 L5CC>~L~<C>+ACKr4>*ACKr8) 
2050 L6<C>=L6CC>+ACK,6>*ACK,R> 
2060 NFXT K 
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?070 REM *********************************************************f-***** 
2080 M1CC)=CK1CC>-B3Cl,C>*B3CJ,C)/T4)/(T4-1) 
?090 M2CC)=CK2CC)-B3C1,C>*R3(5,C)/T4)/CT4-1) 
2100 M3CC)~CK3CC)-B3ClrC)*R3(7,C)IT4)/(T4-1) 
2110 M4CC)=CK4CC>-B3(3,C>*B3(5,C)IT4)/(T4-1> 
2120 M5CC)=CK5CC)-R3C3,C>*B3C7•C>IT4)/CT4-1 > 
2130 MACC)=CK6CC>-B3C5,C>*B3(7,C)/T4)/(T4-1) 
2140 M7CC>=CK7CC>-B3{1,C>*B3C2•C)/T4)/CT4-1 > 
2150 M8CC>=CK8CC)-83(3,C)*R3C4,C>IT4)/(T4-1> 
?160 M9CC)~CK9CC)-B3(5,C>*R3C6,C)/l4)/(T4-1> 
2170 MOCC>=CKOCC>-B3<7•C>*B~<8•C)/T4)/CT4-1> 
21.80 Nl CC)=(f 1 CC>-R~C2rC>*B3C4,C)/T4)/(T4-1 > 
2190 N?CC>=<L2CC)-B3C2,C>*B3<6•C>IT4)/(T4-1) 
2?00 N~CC>~ct:~CC>-R3{2,C>*83U=!.C)/T4)/(T4-1 > 
2210 N4CC>=CL4CC>-B3<4•C>*B3(6,C)/T4)/CT4-1) 
22?0 N~C~>=Cl~CC>-R3C4,C>*B3(8,C)/T4)/CT4-1) 
2230 N6CC)=CL6CC>-B3C6,C)*R3(8,C)/T4)/CT4-1) 
2240 n1<C>=M1CC>ICD6C1,C>*D6C3•C)) 
??~0 O?CC>=M2CC)/CD6C1,C>*D6(5,C)) 
2?60 n3CC)=M~CC)/CD6(1,C>*D6C7rC)) 
2270 04CC>=M4CC)/CD6(J,C>*D6(5,C)) 
2280 O~CC>~MSCCJ/CD6C3rC>*D6C7rC)) 
??90 OACC>=M6CC>ICD6<5•C>*D6<7,C>> 
2300 07CC>=M7CCl/(DAC],C>*D6<2•C>> 
2310 08<C>=M8CCJ/Cfii;(3,C>*I16C4•C>) 
2320 09CC>~M9CCJ/CDAC5·C>*D6C6•C>) 
2330 OOCC)=MOCC}/CDAC7,Cl*D6C8,C)) 
2340 P1CCJ=N1CC>/CDAC2,C>*D6(4,C)) 
?350 P2<C>=N2CCJ/CD6C2,C>*D6C6rC)) 
23AO P~CC>=N~CC)/CD6<2•C>*D6(8,C)) 
2370 P4CCJ=N4CC)/CD6C4rC>*D6C6rC)) 
2380 P5CC>=N5CCJ/CD6(4,CJ*D6C8,C)) 
2390 P6CCJ=NACC)/CD6C6•C>*D6CB,C>> 
2400 NEXT C 
2410 RETURN 
2420 RfM *********** PROCESSED DATA TABLE SUBROLJTINE ***************I*** 
2430 FOR I=t TO 8 
2440 PAGE 
2450 PRINT '*** •;I;'***' 



2460 PRINT II 
2470 V$="SD Bl." 
2480 X$= 1 SD FS 1 
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2490 PRINT USING 2500!"FJLF 1 •"AVG BL", 1 AVG FS"• 1 CHANGF", 1 %CHANGE 1 ,V$,X$ 
2500 IMAGE JX,4A,7X,6A,4X,6A,4X,6A,5X,7A,5X,5A,5X•5A 
2510 PRINT •• 
2520 FOR C=l TO Cl 
?530 PRI USI 2540!WCC>•D1CI,C>·D2CI,C),D3CI,C>•D4CI,C>,D5CI,r>,D6CI,~> 

?540 TMAGF 4X,?D,JX,2C5X,?D.?D),SX,t2D.2D•5X•+~D.?D,2C5X•2D.2D) 

2550 NF:XT C 
2560 MflVF. o,to 
2570 PRINT • Ill PRESS UDK-2 TO CONTINUE Ill" 
2580 SET KEY 
2590 WAIT 
2600 NEXT I 
2610 RFTURN 
2620 RFM *********** CORREJ ATION SUBROUTINE **************************** 
2630 FOR C=1 TO Cl 
2640 PAGE 
2650 PRINT "FILE! •;wee> 
2b..SO PRINT •• 
2670 PRINT I CORRELATION COEFFICIENTS I 

2b80 PF\' TNT I I 

2690 PRINT "Baseline Period F~amined:•;zt<C>;•-•;Z2CC);I 
2700 PRINT "FPerlhack Period Fxaminerl:•;zJCC);~-•;z4CC); 1 

2710 PF\:INT I I 

2720 PRINT • BASFLINE PERIOD" 
2730 PRTNT "MEAN VALUFS" 

. I 
lfrl n. 

• I m1n. 

2740 PRTNT USING 2750!"Rab=",I1CC),"Rac= 1 •I2CC),"Rad=",I3CC> 
2750 TMAGF 1C4A,tlD.2D,15X) 
2760 PRINT USING 2770: 1 Rbc=",I4CC),"Rbd=",I5(C),"Rrd=",I6<C> 
2770 TMAGf 1(4A•+lD.2D,15X> 
2780 PRINT II 

2790 PRINT "STANDARD DEVT.ATinN VALUF:S" 
2800 PRTNT IJSTNG 281.0! "Rab= 1 ,.ll. CC), "R.:!r=• •.12CC), "Rad=" •. 13CC) 
2810 IMAGE 3C4A.tl.D.2D,15X) 
2820 PRINT USING 2R30!"Rb~="•J4CC>•"Rbd=",J5CC>,•Rcrl="•JACC) 

2830 IMAG~ 3C4A,+1D.2Dtl5X) 
2840 PF\'INT •• 
2850 PRTNT "MEAN-STANDARD DEVIATION VALUES" 
2 8 b 0 P R T II s T 2 8 7 0 : • li.' a a= • , J 7 C C ) , • R b b = • , I R c C ) , • R c c = 1 

, I 9 C C ) , • R d d = • ' I 0 < C ) 
2870 JMAGF 4C4A•+1D.2D,1.2X> 
?880 PF\' I NT • I 

2890 PRINT • FEEDBACK PERIOD" 
2900 PRINT II 

2910 PRINT "MEAN VALUES" 
2920 PRINT USING 2930!"Rab=",01<C>•"Rac="•02CC>,•Rad=",03(C) 
2930 IMAGE 3C4A,t1D.2D,15X) 
2940 PRINT USING 2950:"Rbc= 1 •04(C), 1 Rbd=",Q5CC),"Rcd=",Q6CC) 
2950 THAGE 3C4A,t1D.2D,15X) 
2960 F'R I NT I I 



2970 PRINT "STANDARD DEVIATION VALUES" 
2980 PRINT I.ISTNG 299~): "Rab=" ,pl <C>, "Rae=• ,P2<C>, "Rad=" ,p3(C) 
2990 IMAGE 3<4A,+1D.2D,15X> 
3000 PRINT USING 3010:"Rbc=",P4CC),"Rbd=",P5<C>,•Rcd::;',P6<C> 
3010 TMAGE 3(4A,+1D.2D,15X> 
3020 PRINT •• 
3030 PRINT "MEAN-STANDARD DEVIATION VALUES" 
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3040 PRJ IJSI ~050: "R~~=· ,Q7<C>, "Rhb=" ,QB<C>, "Rr-c=• •09<C>, "Rdd=" ,QO(C) 
3050 IMAGE 4(4A•+1D.2D,12X) 
306C/ SET KEY 
3070 WAIT 
3080 NEXT C 
3090 f\'F:TIIRN 



APPENDIX A-5 

EMG PIO:ESSIOO 

102 
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EM; Processing 

With regard to the arrangement of two active aoo one reference el-

ectrodes per muscle site rather than one reference electrode nor all sites, 

this is a particular arrangement by the manufacturer of the myographs. 

'!he processing of the filtered EMG is unique to Autogen myograph 

systems and is referred to as integral averaging. '!he filtered EMG is rec­

tified, integrated, aoo scaled/divided by the time constant of integration, 

which in the Autogen 1700 is 50 millisecorrls, am the output signal is cal­

led instantaneous integrated EMG ( IEMG) • 'Ibis process is said to be super­

ior to peak-to-peak am RMS methods for EMG feedback applications am "the 

integral average amplitude is the constant DC voltage Which will transfer a 

charge equivalent to that of the electrical waveform".,, It has been defin-

ed by the fionnula: 

Aavg J: I a I dt 

T 

In order to sroooth the instantaneous IEMG so that it could be 

sampled at 1. 25 Hz., it was necessary to construct an RC circuit through 

which the instantaneous IEMG passed prior to sampling by the Tektronix 4051 

canputer. '!he follO'Ning circuit was used: 
\0 K 

'1n '\"v\1\ f 2 20 _p: o..rl-

~Freeman, J .A. Integral average, :EMS, am peak-to-peak: A canparison of 
EMG detection techniques. Autogenic System Incorporated, Berkeley, Califor­
nia, 1976. 




